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CHAPTER 1. INTRODUCTION AND CLASSIFICAT ION OF T LYMPHOCYTES
The development of T ìymphocytes from lymphoid stem cells in
the foetal yolk sac to mature T cells is traced with their concurrent
acquisition of cell surface antigenicity. These T lymphocytes are
subdivided into functional subgroups consisting of the initiator lymphocyte'
the helper tymphocyte, the cytotoxic lymphocyte and the suppressor lympho-
cyte.
CHAPTER 2. IMI'Îu NOLOGICAL FUNCTION OF T CELL SUBSETS.
The T suppressor lymphocyte forms part of the suppressor system
in humans. It has aìso been shown that there is an adherent cell suppressor
system effected by a steroid and radÍo-resistant monocyte; a prostaglandin
related suppressor system and a mitogen induced suppressor system.
Cytotoxic T lymphocytes are sensitised and only kilì cells carrying the
antigen to which they are sensitised. They also mediate in delayed hyper-
sensi ti vi ty.
The helper T lymphocyte provides inducer and helper function in
interactions between T and B cells, T cells and macrophages, and between T
cells themseìves. Natural kilter (NK) cells have been demonstrated in
peripheral blood and shown to have the morphology of large granular lympho-
cytes with a low av'idity for sheep red blood celìs. N.K. cells can
spontaneously lyse certain tumour cells in vitro and may provide early
resistance against tumour growth.
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CHAPTER 3. I4ARKERS OF T LYMPHOCYTES.
The sheep erythrocyte receptor defines human T cells and
receptors for the Fc fragment of IgG and IgM have helped in delineating
T lymphocytes ìntoTy and Ty subsets. However, it has been shown that
Ty cells can undergo.transition to T¡r ceìls proving that sequential
expression of Fc - IgG and Fc - IgM receptors on the same T cell is
possib'le.
Other markers include the use of anti-TH1 antisera and reactivity
with antibodies found in Juvenile Rheumatoid Arthritis (JRA). Theophylline
sensitivity of some T-rosettes led to further separation of T cells into
theophylline sensitive and theophylline resistant T lymphocytes, with a
proportion of cells only rosetting in the presence of theophylline thus
making them theophyl line dependent.
The cytoplasmic Galt body first described in 1936 has been
subsequently shown to predominate in heìper T lymphocytes. The advent
of monoclonal antibodies has further defined the various lymphocyte subsets.
CHAPTER 4. MATERIALS AND METHODS
Th'is study was undertaken to evaluate an apparentìy simple and
rapid means of identifying the suppressor and helper subsets for clinical
use based on the premise that theophylline resistant lymphocytes have pre-
dom'i nantly he'l per functi on and theophyl I i ne sensi ti ve cel I s suppressor
function. Red Cross donor blood was used for the main part of the study.
In addition, five patients with systemic lupus erythematosus were followed
over varying periods to assess the changes in theophylline sensitive popul-
ations and to correlate these with other criteria of disease activity. The
Tsens population was also assessed in 19 patients with other autoimmune and
miscel laneous conditions.
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The following tests utere carrìed out:-
Separation of l ymphocyte sub oooul ation and functional assays
Harvesting of peripheral T lymphocytes.
Separation of theophylline sensitive and theophylline resistant
T lymphocytes.
Presence of Gall bodies.
May-Grumwal d-Gi emsa stai n.
Determination of acid a-nepthy't acetate esterase activity (ANAE) '
B cell differentiation assays using co-cultures of Tsens, Tres,
adherent ceìls and EFRC depleted cells.
Determination of intracytoplasmic Ig production'
Indirect immunofluorescence technique for determining monoclonaì
antibody profile using the following monclonal antibodies:
0KT3, 0KT4, 0KT8, 0KMI, Leu 2A and Leu 34.
Determination of spontaneous plaque forming cell numbers.












5A CHARACTERISTICS OF THEOPHYLL INE SENSITIVE AND THEOPHYLLINE
RESISTANT LYMPHOCYTES
The effect of theophv lline treatment on the reactivity of
T lympho cvtes with OKT monoclonal antibodies
Therewere no significant changes in cell viability or the
proportion of cells reactive with 0KT3, OKT4, 0KT8 and 0Kt41 monoclonal
anti bodi es .





Tsens showed a significant depletion of 0KT3 + cells compared
to Ttot, as well as a lower percentage of cells containing Gall bodies or






0KM1 positive cells. Tres was enriched for ANAE positive cells but
did not differ significantly from Ttot in other nespects.
Comparison of Tsens and Tres fractions
Marked differences between these two fractions were demonstrated.
Tsens contained three times as nany cells with Fcy receptors as cells
with Fc¡r receptors whitst the ratio of Fcy/Fcu receptor bearing cells in
Tres was l:3. Reactivity of Tres cells with OKT monoclonal antibodies
showed a predomìnantly heìper phenotype, and a large number of cells
contained Gall bodies. Tsens contained a high proportion of 0KI'11 positive
cells, and did not show a suppressor phenotype with regard to 0KT8 and
Leu 24.
58. FUNCTI0NAL ASSAYS 0N Tsens AND Tres SUBSETS
There was generalìy poor generation of immunogìobulin in B
cells in the earlier cultures. However, Tres did show optimal helper
function when co-cultured with B cells in a ratio of L:L.25 using pokeweed
mitogen. Tsens showed a lack of help though no dose related suppressor
effect could be demonstrated.
5C. PERCENTAGE 0F Tsens LYMPHOCYTES IN NORMAL CONTROLS
These !'rere determined on blood from Red Cross blood donors
as well as from laboratory staff. In 19 subjects, a range fron 2% to
47% was obtained with a mean of 17.5% (S.D. + 11.5).
Percentaqe of Tsens lymphocytes in active/inactive SLE
Patients with active SLE had a mean of 7.9 + 7L.3% of Tsens
cells which was significantly lower than in control subjects, and
theophylline inducible cells were also demonstrated. However, patients






Percentaqe of Tsens ìvmphocVtes in other miscellaneous diseases
A wide variation in Tsens percentages was obtained in a group
of miscellaneous conditions inctuding alcoholic liver disease, chronic
lymphocytic leukemia, myasthenia gravis and dilantin treated epileptics.
5D. LONGITUDINAL STUDIES IN FIVE PATIENTS I.IITI-I SLE
Five patients with SLE were followed over periods ranging from
five months to a year. There was a demonstrabìe fall in Tsens lymphocytes
during clinical relapses with a subsequent rise shown during prednisolone
therapy in some but not all of the patients.
CHAPTER 6. DISCUSSION
The selective loss of ability of a proportion of T lymphocytes
to fonn rosettes with sheep red blood cells in the presence of theophylline
was used to separate a theophylline sensitive group from theophylline
resistant lymphocytes. An attempt was then made to ascertain the degree
of homogeneity of these fractions with regard to putative markers for
heìper and suppressor function. The results suggest that the Tres fraction
was enriched for cells with putative helper markers but that the Tsens
fraction was enriched for cells with some suppressor markers but also
contained a large number of cells of monocytic lineage. However the two
fractions were not homogeneous with respect to Fc receptor status, presence
of Gatl bodies, or antigens defined by monoclonal antisera. Thus the use
of theophyl'line sensitivity as a means of estimating the sizes of heìper
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CHAPTER 1. INTRODUCTION AND CLASSIFICATION OF T LYMPHOCYTES
1A. INTRODUCTION
Immunology deals with the mechanisms whereby an organism
recognised substances as foreign and mounts responses designed to
eliminate or neutralise them with a minimum of iniury to itself.
Specific immunological response is restricted primarily to chordates
and is mediated via lymphocytes.
There are two main categories of ìymphocytes - those produced
in the bone marrow but subsequent'ly processed in the micro-environment of
the thymus and thus calìed T-lymphocytes, and the remainder of the bone
marrow derived ìymphocytes considered analogous to ìymphocytes from the
avian bursa of Fabricius, bursa-equivalent or B-ìymphocytes.
Some celts which morpho'logically are lymphocytes do not have
the characteristics of T or B ìymphocytes and are called "nulì" cells or
third population lymphocytes. With the advent of immunological markers
it has been shown that the T-ìymphocyte population is not homogenous but
consists of subpopulations which appear to have different and specific
roles in the immune response. T-lymphocytes constitue 55% - 60% of the
total tymphocytes in the circulation and over 90% of the cells in the
thymus, whilst most of the lymphocytes in the bone marrow are B cells.
Once the immune system has developed, there is a constant turnover of
lymphocytes and it has been estimated that approximately 10lt new
ìymphocytes are generated in the adult human daily.
18. LYMPHOCYTE ONTOGENY AND DIFFERENTIATION.
In man, cells are derived from lymphoid stern cells which arise
in the foetal yoìk sac, migrate to the liver by 4 to 5 weeks of gestation
and thereafter reside in the bone marrow.
10.
At 6 to 8 weeks of gestation, the epithelial thymus begins
to form from the third and fourth pharyngeal pouches. Pre-T lymphocytes
differentiate into mature T cells under the influence of the epitheìial
thymus and a hormone-thymopoietin while migrating from the thymic cortex
into the central medullary area and finalìy by 12 weeks of gestation, into
the circulation and peripheral lymphoid tissues. (Sctretd 1978).
lC. ACQUISITIoN 0F CELL SURFACE ANTTGENICITY
. Profound changes in cell-surface antigens mark the stages of
T-cell ontogeny in man and have been reviewed by Reinherz and SchÏossman
(1980a). The earliest lymphoid cells within the thymus bear antigens
shared by some bone marrow cells but lack mature T-cells antigens. They
account for about l0% of thymic lymphocytes and are reactive with two Ìnono-
clonal antibodies, anti-0KT9 and anti-0KT10. t^lith maturation, thymocytes
lose 0KT9, retain 0KT10 and acquire a thymocyte-distinct antigen defined
by anti-0KT6. They also then express antigens defined by anti-0KT4 and
anti-OKTS. These 0KT4+, 0KT5+, 0KT6+ and 0KT10* th¡ o.ytes account for
about 701" of the total thymic cells. l.lith further maturation thymocytes
lose the 0KT6 antigen, acquire OKTI and 0KT3 antigens and segregate into
0KT4+ and 0KT5+ subsets. Irmunoìogic competence is acquired at this stage
but is not fully developed until these thymic lymphocytes are exported.
0utside the thymus, the 0KT4+ subset represents the circulating inducer-
helper lymphocytes forming 55-60% of peripheral T-cells and the 0KT5+
subset, the cytotoxic/suppressor group represented in 20 to 30% of T-cells.
lD. TYPES OF T-LYMPHOCYTES
Classification of T-lymphocytes into major functional subgroups
has been aided by the discovery of a variety of cell surface markers and
the advent of monoclonal antibodies directed at stable cell antigens has
further enha.nced this characterisation.
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In the murine system the best understood allo-antigens are
Thy-l, which is cormon to all T cells but absent from B cells, Lyt-l,
Lyt-Z, 3 and the Ia family of antigens (Snetl 1978). Mitogen studies
show that the functional activity of the cell is pre-prograrnmed once it
has differentiated to the stage of an Lyt-1+ or Lyt-2, 3+ cell. All
these antigens show characteristic distribution patterns in different
lymphocyte populations and these patterns correlate with known functional
groupings. This suggests that the antigens themselves play a role in
functional behaviour, perhaps conveying instructions that guide cell
i nteracti ons .
Current information suggests that there are four naior categories
of T lymphocytes: the initiator cell (T1), the helper cell (Th)' the cyto-
toxic effector cell (Tc) and the suppressor cell (Ts) (Snetl 1978). In
addition, natural killer (NK) cells express some T cell markers (l.lest 1977).
(i ) The Initiator Lvmohocvte (ft).
The initiator lymphocyte is the least firmly categorised of
the four cìasses of T cells. It appears to act first in the chain of
responses initiated by exposure to antigen. In the murine system
initiator ìymphocytes (T1) are operationally defined as T cells from thymus
or spleen, which when sensitised on allogenic fibrobìasts and injected into
the foot pad of isogeneic hosts, recruit from lymphocytes circulating through
the nodes those with graft-versus-host potential for the priming alloantigen.
The spleen is several times richer in T1 than thymus but T1 are not
demonstrabìe in the tymph nodes. Sensitisation of T1 cells occurs within
4 to 6 hours, requ'ires protein but not DNA synthesis, and once established,
is not destroyed by irradiation with 2000 rads (Cohen 1976). The Tl are
susceptible to anti-Thy-l plus complement and are absent in irradiated,
bone marrow-reconstituted mice and hence are T cells. Unlike most T-cells,
they are adherent to nylon wool and their number is reduced by adult
thymectomy suggesting that they are a short lived population. Cohen et al
t2.
(1976) suggest that the function of Tl is to patrol the tissues and
detect invading immunogens. The remarkably short time required for
priming is in keeping with this function. They atso found that T1 gave
rise to memory ceìls with initiator capacity and specificity for the
priming alloantigen.
(ii¡ The Heloer Lvmohocvtes (Th)
Helper cells (Th) are a subpopulation of T lymphocytes which
play an obligatory accessory role in most though not all imnune responses'
both humoral and cellular. They contribute to antibody formation by B
ìymphocytes, to the generation of cytotoxic T cells, to development of
delayed hypersensitivity, and probably also to the generation of suppressor
cel I s.
In the murine system, the Th subpopulation is of the phenotype
Lyt-L+, Lyt-2,3-. The Fc receptor (FcR) may be one surface marker which
could disti,nguish Th subclasses. hlhen T cells were characterised
functionally, it was found that the T cell coìlaborating with B cells in
antibody production was FcR-, white cells that collaborated with T effector
cells were FcR+ (Stout et al 1976). This would divide helper cells into
two groups according to the type of cell which they help, and hence, cells
with helper function in antibody production have been labelled "helper cells"
and cells with helper function in cytotoxic T cell responses have been
named "amplifier cells" (Stout 1976). It has also been suggested that
specific cells are involved in help of B cells of a particular aìlotype.
(Herzenberg 1976). Regulation of antibody production and cell mediated
cytotoxicity are clearly two maior functions of helper ce'lls.
(r1r, The Cvtotoxic Lvmphocvtes (Tc)
cytotoxic lymphocytes cause celt mediated lysis in vitro.
Tc cells are probably effector mechanisms in most instances of allograft
rejection and probably play a role in the graft-versus-host reaction and
in delayed hypersensitivity. Substantial evidence exists that the
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principal functìon of this lymphocyte is the eìimination of virus-infected
cells. These T cells are long lived in mice and have the surface pheno-
type Lytl', Lyll, 3*. They are resistant to anti-Ig plus comp'lement, are
susceptible to anti-lymphocyte serum (ALS) and remain after adult thymec-
tomy. They can be distinguished from Ts by means of another cell surface
marker, 1a-4, the murine equivalent of HLA-D, found on suppressor cells
(Murphy 1976).
(iv) The Suppressor Lymphocyte (fs)
The discovery of the suppressor ìymphocyte (Ts) (Baker et al
1970) ulas an important step in understanding the reguìation of the irmune
response and it is now widely accepted that such cells play a primary role
ìn the reguìation of many ir¡nunoìogic responses to all types of antigens.
Some oncogenic viruses turn on suppressor cells in some strains of mice,
thereby thwarting the host's defences (Kumar et aì 1976). As a T cell,
the Ts is lg-negative and Thy-l posit'ive. It is not removed by thymectomy
and hence is long lived but susceptible to ALS and bears the Lytl-, Lyt2,
3+ surface antigenic phenotype in mice (Feldman 1977).
However, cells w'ith non-specific suppression have been
characterised in mice undergoing graft versus host reaction which have
an Lyt-l+, Lyt-z, 3+ phenotype and to comp'licate the issue, þlatanabe et al
(Ig77) have identified a suppressor cell of Lyt-l+, Lyt},3- phenotype.
Several investigators have reported that the Ts is positive
for Ia antigen and there was subsequent identification of a locus, Ia-4
in the I-J subregion of the H-2 complex whose end product is a marker for
Ts. It js also present in soluble suppressor factors. It has been shown
that Ia although present on activated Ts, is absent from the Ts precursor.
It is thus evident that subpopuìations of suppressor lymphocytes
also exist. The Ts population is particularìy abundant in the spleen.
This abundance in the spleen rather than lymph nodes might have significance
in the transplantation phenomenon as it might account for the greater relative
t4.
success of organ grafts with immediate drainage into the blood stream
as compared with skin grafts which drain via lymph and lymph nodes.
The ctassification of T lymphocytes in the above fashion
utilises cell surface antigenic markers as well as functional differ-
ences between the types. A further rethod of cìassification based on
cell dynamics has been propounded.
(v) Lvmphocvtes disti nquished b V their circulato rv pattern
The intestinal and nodal lvmphocvte pools
Several authors (Catrilt et al t977, Scollay et al 1976)
using radio-labelled lymphocytes from various lymphoid organs have shown
that ìymphocytes can be separated into two groups on the basis of their
circulatory patterns - an intestinal pool and a nodal pool. The nodal
pool circulates mainty from the blood via lymph nodes to the thoracic
duct lymph and possibty the spleen. The intestinal pool circulates from
the blood to the small intestine and Peyer's patches. Both appear
morphologicaìly to be small tymphocytes. No direct correlation has been
demonstrated between these two populations and subpopulations of T lympho-
cytes classified according'to their functional properties.
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CHAPTER 2. IMMUNOLOGICAL FUNCTIO N OF T CTLL SUBSETS
2A Cytotoxic/suppressor lymphocyte
28 Inducer/helPer lYmPhocYte






CHAPTER 2. IMMUNOLOGICAL FUNCTION OF T CELL SUBSETS
2 . CyroToxlc/suppREssoR LyMpHocyTE
This T cell subset contains a mature population of cells with
suppressor functions. After concanavalin A activation it will suppress
autologous proliferative response to alloantigens. This same subset
suppresses B cell irmunoglobulin production and in man this subset reacts
with 0KT5 anti serum and appears to be analogous to the murine Lyt2, 3+
subset, which mediates both cytotoxic and suppressor functions, and the
0KT4+ subset is analogous to the murine Lytl+ subset which provides for
i nducer-hel per function.
Suppression is basicaìly a T ìymphocyte function designed to
regulate the magnitude of any individual component of the imnune response.
The T suppressor lymphocyte however, forms only one aspect of the suppressor
system in normal blood. Rice (1979) has demonstrated three suppressor
systems within human blood that modulate T cell lymphoproliferation.
These are the adherent cell suppressor system which appears to be effected
by a steroid and radio-resistant nrcnocyte; the prostaglandin related
suppressor system, also mediated by a monocyte but with different properties,
and sensitivity to indomethacin; and the mitogen induced suppressor system
activated by pre-incubation with concanavalin A. Stockinger et al (1979)
have also produced evidence for a 7S-in¡munoglobulin producing B cell that
functions as a suppressor cell under certain conditions and antigen specific
inhibition can be obtained by transfer of these B cells. The initial
event in suppression appears to be the activation of a suppressor-inducer
cell (Paul 1983). This then acts on a suppressor-precursor cell which
subsequently develops into an actiyated suppressor cel'1. This cell secretes
a factor that can bind the antigen that initiated the response, although
not causing.suppression on its own. It is not clear whether the helper
T lymphocyte or the B lymphocyte is the target of the suppressive activity.
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Loss of suppressor activity has been noted in auto-immune
diseases like systemic lupus erythematosus (Bresnihan 1977, Kaufman 1979)
auto-irnnune haemolytic anaemia and active chronic hepatitis (Hodgson 1978) '
There is evidence that auto-antibodies in the sera of these patients are
directed against the suppressor group either selectively eliminating them
or modulating their functional properties (Sagawa Ig7g, Morimoto 1980) '
Conversely, the presence of excessive numbers of activated Suppressor cells
can result in severe irmunodeficiency (l,laldmann t974). Increased numbers
of activated suppressor cells have been demonstrated in patients after
Epstein-Barr and cytomegalovirus infections (Johnsen 1979) ' In chronic
graft-versus-host disease, persistent circulating suppressor cells can cause
prolonged immunologic incompetence (Reinherz 1979a) .
In some patients with acquired hypogammaglobulinaemia' excess
circulating suppressor T cells can be demonstrated (hlaldmann L974) and to
support the fact that this was the main cause for hypoganrnaglobulinaemia,
treatment with methyt prednisolone results in a reversal of the inrnuno-
deficiency. The npdulation of IgE responses by suppressor T cells in man
also seems well established (Geha 1979). Peripheral lymphocytes of individ-
uals with high IgE levels have been shown to secrete significantly more IgE
than lymphocytes from normal individuals. This increased IgE secretion
can be suppressed by normal donor lymphocytes (Becker 1978).
The cytotoxic T lymphocytes are sensitised and possess specific
receptors that allow them to bind to their target cell and then to mount an
attack ìeading to the destruction of the target cetl. These T ceìls appear
to play an important role in cellular immunity to viruses and other intra-
cellular pathogens. Their suggested role in the irrynune serveillance against
cancer may be through its abitity to eìiminate cells infected with oncogenic
vi ruses ( Ki esst i ng 1976 ) .
18.
28. INDUCER/HELPER LYMPHOCYTE
This subset provides inducer and helper function in inter-
actions between T cells, between T cells and B ceìls, and between T cells
and macrophages. (Reinherz 1980a). It is also required for optimal
development of cytotoxicity by the 0KT5+ ceìls. Several studies have
shown that this subset alone is required to induce B cells to proliferate
and d'ifferentiate into immunogìobulin-containing plasma cells. It
secretes ìymphocyte mitogenic factor which induces proliferation of all
major 'lymphocyte subclasses and T-cell hetper factors which initiate B
cell 'immunoglobulin synthesis (Reinherz 1980b). The regulatory effects
of the helper subset is not restricted to ìymphoid cells alone as it has
been shown that'it can modulate erythroid stem-cell production in vitro
and is possib'ly important in haemopoiet'ic differentiation (Cline 1979).
Similarly a variety of other factors ìncluding osteoclast-activating
factor and soluble factors inducing fibroblast proliferation and collagen
biosynthesis have been shown to be derived from antigen stimulated T cells.
As these inrnunolog'ic functions are acquired only at the latest
stage of intrathymic ontogeny, premature release of inrnunologicaìly
ìncompetent ceìls or aberrations of T-cell maturation could lead to
immuno-deficiency. Some patients with acquired aganrnaglobulinaemia
lack the 0KT4+ subset and thus are incapable of triggering B cell synthesis
of immunoglobul in (Reinherz 1980c).
2C. NATURAL KILLER CELLS (NK)
Human natural killer cells are present in the peripheral blood,
have the morpho'logy of 'large granuìar'lymphocytes, and express low avidity
for sheep red blood cell receptors, Fc receptors for IgG and comp'lement
receptors for split products of C3 (Herberman 1979). These features
imply that part of NK ceìls belong to the T cel'l system and could be
immature T cells. Ferrarini et al (1980) have compared the third
19.
population lymphocytes with the T1 population and shown many similarities
on nnrphological grounds at the electron microscopy level, as well as
similar histochemistry. The third population or "null" celìs have been
demonstrated to include irrnature B cells, immature T cells and non
lymphoid cells, and are clearly not homogeneous but consist of several
subpopul ati ons wi th regard to cel I surface markers . Jondal and l''lerri I I
(1981) have shown that in the active NK cell population accounting for
6% of non-adherent lymphocytes , 60% had FcR for IgG and t7% had Fc
receptor for IgM, and also a fraction lacking both types of receptors'
Ng and co-workers (1981) have shown that null cells with high natural
killer activity, isolated by a simuìtaneous double rosetting procedur-e
expressed receptor for IgG Fc in 70% of ceìls as well as monkey erythro-
cyte receptors in 60 - go%, but lacked receptors for the IgM Fc fragment'
Zarling and Kung (1980) have shown that the maiority of NK cells are
QKMI+, and QKMI monoclonaì antibody with complement causes marked
diminution of NK cell activity. Recent evidence points to NK cells
being abìe to spontaneously lyse certain tumour cells in vitro and to
provide early resistance against tumour growth'
20.
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CHAPTER 3. MARKERS OF T LYMPHOCYTES
3A. THE SHEEP ERYTHROCYTE RECEPTOR
The formation of rosettes by human peripheral lymphocytes with
sheep erythrocytes (SRBC) in the coìd has been shown to be a specific
marker of human T ceìls (Lay 1971). This rosette forming ability is a
specific function of viable T lymphocytes only, and surface imnunoglobulins
or complement do not play a role in this. Inhibition of rosette formation
by various agents has aìlowed further characterisation of the site of the
SRBC receptor on T lymphocytes (Pyke 1975). Anti-human lymphocyte serum
(ALS) and specific anti-thymocyte serum was shown to inhibit E-rosette
formation whereas antisera raised to B cells failed to do so. Antisera
directed against other known surface components represented on both B and
T cells such as Ê2-microglobulin, I and i antigens did not influence
rosette formation, suggesting that these membran€, conìPotìents are not
involved in the binding of SRBC. The HL-A antigens were also shown to
be unlikely as the site of SRBC binding as they were also present on,B
cells and they were not trypsin-sensitive, whereas E-rosette formation !{as.
E-rosettes are inhibited by high concentrations of cyclic adenosine mono-
phosphate and thus by agents that increase it at intra cellular ìevel,
such as theophylline (Jondaì 1976).
38 RECEPT0RS FOR THE Fc FRAGMENT 0F IqG/IqM
Moretta et al (I976) demonstrated the possibility of recognising
different sets of human T lymphocytes with receptors for the Fc fragment
of IgG (Tv) or IgM moìecules (Tu). A single T cell carried either one.or
the other receptor for the specific immunoglobulin or had no detectable
receptor - T "null". Later, T cells with receptors for other Ig subclasses
have been described. Lum (1979) and Sjoberg (1980) showed that a small
percentage of T cells (5%) have receptors for IgA. The ability of specific
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T cells to bind Ig of different classes makes possible their physical
separat'ion i n vi tro .
In the mouse, T cells depìeted of the Ty fraction contain
helper cells and precursors of cytotoxic effectors or cell-mediated lympho-
lytic (Cl'lt-) responses (Stout et al 7976), whereas Ty enriched cells contain
the differentiated cytotoxic effector cells of CML, but not heìper T ceìls.
In the human, the Fc-IgG receptor negative but Fc-IgM receptor positive
(Tu) cells provide help in a B cell inmunoglobuìin-producing assay (Moretta
19771. Ty cells act as suppressor ceìls. Some T1 lose their Fc-IgG
receptor spontaneously in culture at 37oC, whereas most lose the receptor
after interaction with inrnune complexes.
Pichler et al (1978) showed that Ty cells after 48 hour
cultivation and prior interaction with immune complex, underuent transition
to Fc-IgM receptor positive cells, proving that sequential expression of Fc-
IgG and Fc-IgM receptors on the same T cell is possibìe. They also observed
that on various occasions some T cells could express both receptors.
The frequent observation that Ty cell numbers in healthy
individuals varies widely may reflect the instabitity of the Fc-IgG
receptor. Therefore a high Ty percentage in an innunodeficient patient
may not necessarily reflect an excessive suppressor function but may merely
reflect a lack of critical IgG-Fc interaction due to low serum IgG ìevels
in these patients (Moretta 1977).
Iloretta (1981) subsequently showed that in mixed lymphocyte
cultures, peripheral T celìs could progressively lose Fcu and acquire Fcy
receptors, resulting in a decrease in number of Tu cells. Thus it can be
seen that the Fc-IgG and Fc-IgM receptor may not be definite markers for T
cell subsets under some conditions and that expression of these receptors
may occur at different functional stages.
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(i ) Morphology of TvlTu Cells
Grossi et al (1978) showed that Tu cells were small lymphocytes
with a nucleus occupying almost the whole cell with a thin rim of baso-
philic cytoplasm. In contrast the Ty cells were larger with abundant
cytoplasm containing azurophilic granules. The nuclear chromatin in Ty
cells is homogeneously distributed. Under the electron microscope Tp
cells had a smooth ceìl surface with a snall Golgi apparatus, rare mito-
chondria and monoribosomes dispersed uniformly. The Ty cells, however, had
a relatively rough surface with microvilli, an extensive Goìgi apparatus,
rough endop'lasmic reticulum and numerous mitochondria occurring in clusters.
Grossi also showed that up to 95% of the T¡r cells were esterase positive
with this activity confined to a singìe large spot or sometimes two such
vesicles with positive staining. In contrast, 90% of the Ty cells were
esterase-negati ve.
(ii ) Functional aspects of TvlTu cells
Moretta et al (L976) showed that the T1 and Ty cell subsets had
different patterns of response to the T cell mitogen phytohaemagglutinin
(PHA), but similar response patterns to concanavalin A.
The T¡r poputation of cells provided help in B celì imnunoglobulin
synthesis, whilst T"1 were unable to provide help and suppressed immunoglobulin
synthesis. The suppressor effect was abrogated by irradiation.
Hayward et al (1978) however, demonstrated that suppression
did not always require the presence of TY cells. The Tu subpopulation
was also shown to have suppressor activity in co-cultures after they had
been incubated with conuanavalin A for 24 hours. Hayvlard and his co-workers
concluded that Tu celìs can e'ither he'lp or suppress B'lymphocyte differenti-
ation whereas the Ty subset either suppresses or is without effect.
Stockinger et al (1979) have also shown suppressor activity in a 75







Herzenberg et al (1976) provided further insight into the
role of suppressor cells in antibody responses in the allotype suppress-
ion system. It was shown that the suppressor cells renpved the helper
activity required for antibody production by limiting the amount of
available helper activity, whereas helper cells exerted direct controì
over IgG antibody production.
The maternal-foetal ìnununological relationshìp and tolerance
has been another model studied in an attempt to understand the subtle
balance between suppression and help of lymphocyte activity. Murgita
(L977) showed that alpha-foeto-protein (AfP) a tumour associated embryonic
substance and normally produced by foetal hepatocytes, is capable of
inducing the formation of highly efficient suppressor celìs, with the
capacity to inhibit helper T cells. This is in keepìng with the fact
that thymus derived lymphocytes from newborn humans can function as
suppressor ceìls with regard to the proliferative capacities of the
lymphocytes from their mothers. It was suggested that AFP serves as an
agent to protect the marmaìian foetus from the graft-versus-host reaction
through the selective induction of suppressor T cells.
3C. THE GALL BODY
Edward A. Gall first described the lymphocyte granule in 1936
which now bears his name (Gall 1936). He described it as -
"occurring exclusively within 'lymphocytes ..... and
it was noted almost entireìy in wet preparations.
These spheru'les are markedly refractile, appear
solid black at one focus and have a coìourless gìassy
sheen at another in the unstained state. Ordinarily
a single granuìe and much less often two or three are
present in one lymphocyte. These intracellular
inclusions are actively motile."
He found that an average of 35% of peripheral ìymphocytes
contained this body. It has since been claimed that Gall bodies are






it is of interest that Gall found the percentage of lymphocytes containing
the granules to be low in infectious mononucleosis. Recent work has shown
that suppressor cells are induced in Epstein-Barr virus infections and
helper celìs are diminished. Johnsen et al (1979) were able to dernonstrate
a functional lack of T helper activity during acute infectious nononucìeosis
and showed that the T lymphocytes seen'in these patients v.tere an expansion
of T suppressor cells. The human Ia-ì'ike antigen HLA-DR antigen was
identified on up to 75% of peripheral lymphocytes in these patients and
these ceìls could suppress proìiferation of normal B lymphocytes in vitro'
suggesting that they were mainly suppressor T lymphocytes' This suppressor
predominance in acute infectious mononucìeosis thus overcomes the other-
wise unlim.ited proìiferation that the Epstein-Barr v'irus can induce in
i nfected B cel I s.
Hempelmann (1953) attempted to elucidate the nature of this
body and based on its opticaì properties and histochemical reactions
concluded that it contained lipoid material and was birefringent. However,
more recently Marcus and Hurtubise (1981) have studied this elusive body
further and claim that
',this ephemeral particle is confined mainly to heìper
T lymphocytes ahd correlates with most and perhaps
atl"o? thä recently recognised cytoplasmic focal acìd
esterase activity in T cells. At present the nature
and function of Gall granules are a mystery'"
They showed that no B cell had Gaìl granuìes, in contrast to T'helper cells
of which 48% contained the body and in wh'ich 88% of all Galì bodies resided.
They concluded that the Gall granule probably correlates entirely with
focaì tymphocyte acid esterase activity and vúas a simple and good marker
for T-helper lymphocytes.
Dr. Gall was honoured by the nam'ing of a minor planet to
commemorate his many achievements in pathology. Because there already
was an asteroid named 148 GALLIA, his friend the distinguished atronomer









3D. CHARACTERISATION OF HUMAN T.CELL SUB SETS USING ANTI.THI ANTISERA
A further means of defining T cell subpopulations was described
by Evans and co-workers (1977) utilising rabbit antiserum raised against
highly purified human T cells and rendered T cell-specific by absorption
with autologous B lymphoblastoid cells. 60% of peripheral T ceìls were
reactive with this antiserum (fHl+) and the un-reactive group was designated
THr-. The TH1+ cells were found to proliferate in response to alloantigens
in the mixed lymphocyte culture and also secreted lymphocyte mitogenic
factor. The THl- subclass however, could be triggered by specific antigens'
e.g. tetanus toxoid and mumps, to proliferate, but did not respond in
mixed lymphocyte cultures or secrete lymphocyte mitogenic fa'ctor'
Anti-TH2 antiserum was evolved by immunising rabbits with
human thymocytes. The strongly reactive TH2+ subset was shown to contain
the cytotoxic effector cell in cell mediated lymphoìysis as well as the
immuno-regulatory suppressor cell. The 70-80%'l cells which were un-
reactive to TH2 antisera were shown to be heterogeneous and had inducer
and feedback regulator activitY.
Subsequent development of monoclonal antibodies to define T cell
restricted surface antigens showed that the OKTa monoclonal antibody which
was proposed as defining helper T cells, was limited to the TH2- subpopul-
ation. This !,ras further confirmed by Rubinstein and co-workers (1981)
when Tp cells were found to be enriched in the TH2- subset as defined by
an autoantibody derived from a patient with acquired agammaglobulinaemia.
3E. T CELL SUBSETS DEFINED BY JRA ANTISERA
. Strelkauskas et al (1978) uti;lised naturally occurring auto-
immune antibodies found in patients with iuvenile rheumatoid arthritis
(JRA), to isolate two subpopulations of T celts. It was found that the
sera of children with severe JRA contained antibodies which were reactive
with subclasses of T cells but not B cells. The JRA + cells forming 30%




help in the synthesis and secretion of Ig by B cells, but exerted an immuno-
regulatory influence and it seemed to overlap with the TH1+ subset and Fc'1
receptor bearing populations previously defined. The JRA- subset account-
ing for 701" of T cells, however, proliferated well in response to PHA but
not con A and greatly enhanced the secretion of Ig by B cells, thus demon-
strating helper: activity. The demonstration that this naturally occurring
antibody had the abitity to influence T celt activity suggests that auto-
antibodies reactive úith suppressor T cells and produced during active
autoimmune disease may be responsible for the overproduction of imnuno-
globulins seen.
Reinherz and Strelkauskas (1979b) undertook a correlative study
to compare the THr+ and JRA+ subsets which, though similar in size, were
shown to define different subpopulations based on their mitogenic responsive-
ness. It was shown that 40% of the THr- subset was JRA+ whereas only less
than 5% of the TH2+ subset was JRA+. Based on these findings, three
+
RA.Jphenotypicatty distinct subsets were identified in man - the TH2
THz- JRA+ and TH2- JRA- T ceìl subsets.
t
3F, THEOPHYLLINE SENS ITIVE AND THEOPHYLLINE RESISTANT T CELLS
The binding of unsensitised sheep erythrocytes to T lymphocytes
has been established as a T cell characteristic since the first observation
by Lay and Mendes (fgZf) that some human lymphoid cells bound sheep eryth-
rocytes to form rosettes in the cold. It has since been shown that human
celìs bind other heterologous erythrocytes including those from swine and
rhesus monkey (Lohrmann 1974), in addition to autologous erythrocytes.
This rosetting can be modified by various agents like anti-lynphocyte
Serum and specific anti-thymocyte Serum, B-adrenergic agonists, prosta-
glandins and cyclic f\lvlP (Pyke tg75\. Limatibul et al (1978) showed that
the drug theophylline, a phosphodiesterase inhibitor capable of increasing
cyclic 3,5,.adenosine monophosphate (c-AMP) within the cell, could also




sustained elevation of 'lytnphocyte c-AMP levels was requ'ired to prevent
the re-expression of E-rosetting abiìity.
Based on the modulation of the E-rosetting ability by theophyl-
line, they were able to delineate three subpopulations of T lymphocytes'
(a) Theophylline sensitive T cells (Tsens) which lost the ability to
form E-rosette following theophylline treatment'
(b) Theophylline resistant T cells (Tres) which were unaffected by the
drug.
(c) Theophylline dependent cells which acquired the ability to form
E-rosettes following incubation with theophylline'
The effect of theophy'lline was shown to be dose-dependent, and
optimal at 3mM concentration, whilst concentrations greater than 1õ2M
theophylline .impaired cell viability. It was reversible and temperature
dependent, occurring only at 37oC incubation, suggesting that ühe drug
required cellular metabolic processes mediated through cyclic nucleotides.
The major E rosetting populations in peripheral blood were
shown to be either theophytline-sensitive or theophyll ine-resistant
whiìst thymocytes were shown to be theophylline-resistant.
Shore and Gelfand (1978) using this method of separation of
T ceìl subsets showed that the theophylline-sensitive cells completely
suppressed plaque forming cells (PFC), whereas theophylline-resistant cells
augmented. They also showed that the ¡naiority of Tsens cells (91%l carried
Fc receptors for IgG whereas 86% Tres cells were found to have Fc receptors
for IgM.
Birch and Polmar (1981) showed that Tsens cells comprised 20%
of the total T cells while Tres comprised 80% of T cells. They.also
demonstrated that adenosine and impromidine, which are H2-histamine agonist'
were able to increase the percentage of Fc receptors for IgG in the Tres
popuìation resuìting in a loss of their helper activity in B-lymphocyte
di fferenti ati on .
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It has been shown that there is a receptor for histamine of
the H2 type on the surface of suppressor cells (Plaut 1975) and histamine
has been shown to be a potent activator of suppressor cells in man.
Cimetidine, a known H2-histanine blocking agent has been shown to abrogate
suppressor cell function (Osband 1981).
3G. MONOCLONAL ANTIBODIES
The advent of monoclonal antibodies has been an important
advance in the identification of antigenìcalìy distinct inmuno-reguìatory
human T-lymphocyte subsets. Köhler and Milstein (1975) were the first to
show that cultured mouse myeìoma ceìls could be fused to normal spleen cells
from animals irmunised with sheep red cells and that the hybr:id cells
produced large amounts of homogeneous antibody to SRBC. Since then, hybrid-
omas have come into extensive use for production of large amounts of homo-
geneous antibody to a variety of antigens including cell surface
consti tuents.
The basic method involved in producing a monoclonal antibody to
T cell surface antigens is exemp'lified by the hybridoma technique described
by Kung and Goldstein (tgZg) for generating monoclonal antibodies against
surface determinants of human T cells. E'ight week old female mice were
immunised intraperitoneally with human T cells at 14 day intervals. Four
days after the third iwnunisation, the spleens were removed and single cell
suspensions prepared. Cell fusions were then carried out using splenocytes
and myeloma cells, which were then cultured in selective medium. Only one
out of 2x10s spleen cells actuaìly form a viabte hybrid with a myeìoma cell
and up to 500 hybrids can be generated from each spleen. Hybridomas
secreting T celì specific monoclonal antibodies were then repeatedly cloned
and later injected into the peritoneum of mice whereby the ascites so produced
contains high titres of the specific antibody.
Ledbetter and Evans (1981) utilising monoclonal antibodies, have
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redefined the two subpopulations previously defined by oTH2 antisera.
The mouse analogue Lyt2,3 was found to be defined by the Leu2a/Leu2b
monocìonal antibody expressed on the suppressor subset. Leu3 defined
the human helper/inducer subset and Leu-1 was the human anaìogue of the
murine Lyt-l antigen.
Janossy and Kung (1980) analysed the human T lymphocyte sub-
sets reacting with the OKT range of monoclonal antibodies and defined
various markers. The helper T cells were shown to react with the 0KT4
monoclonal antibody, white the suppressor-cytotoxic T cell was recognised
by 0KT5 and 0KT8 antibodies. The distÉibution of these subsets was
analysed in the ìymphohaemopoietic organs and gut. OKT4+ cells of the
inducer type were shown to predominate in the thymic medulla, blood and
T ceìl traffic areas such as tonsillar paracortex and intestinal lamina
propria. 0KT8+ cells of the suppressor-cytotoxic type, however, constituted
the larger part of the T cell population in normal human bone marrow and gut
epi thel i um.
In the human thymus 78% of all cells were 0KT4+. The intra-
epithelial T cells of the human gut consìsted mainly of 0KT8+ cells.
0KT3 was shown to label almost aìl T cells and OKl,lI to label human mono-
cytes.
Reinherz et al (1982) have further characterised three addition-
al monoclonal antibodies viz. anti-T44, anti-T4B and anti-TQl, which were
all reactive with the 0KT4 positive human helper-inducer T subset. Anti-TQ1
reacted with 70 to 85% of T4+'lytnphocytes but also stained 50% of T cells in
the cytotoxic/suppressor subset, as weìl as a fraction of normal B and null
lymphocytes. They showed that the 0KT4+ TQl+ subset was responsible for
maxìmal proliferation in autologous MLR reactions whereas the 0KT4+ TQl'
subset provided the main T cell help for B cell immunoglobulin production
in a pokeweed-driven system. Thus the 0KT4+ subset was further divided
into two subpopulations with the major T helper function restricted to only
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15 to 25% of this population. Anti-TQl reactivity with part of the
0KT8 subset suggests that this population is also heterogeneous'
Beverley and Caltard (1981) utitising the UCHTI monoclonal
antibody which is an IgGi mouse anti-T cell monoclonal antibody showed
that two very different phenotypic E-rosetting T cells couìd be identified'
The E rosetting UCHTI+ cells responded well to T cell mitogens PHA and
Con A and provide hetp for an in vitro specific ant'ibody response' In
contrast the E rosette + ucHTI - population had no other markers for T
cells, failed to respond to T cell mitogens and were shown to be highty
active natural kilters. They thus concluded that not all E-rosetting
cells were in fact T cells.
32.
CHAPTER 4. MATERIAL AND METHODS
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4A AIMS OF THE STUDY
T lymphocyte subsets have been shown to have different cell
surface markers as well as different mitogen responsiveness in studies
done in vitro. Their identification and study becomes important in
diseases where the pathogenesis may be due to an imbalance in numbers or
function of these subpopulations. The recent literature abounds with
numerous methods of identifying these subsets, but some of the methods
are time consuming and too difficult to reproduce to be applicable for
clinical use. The recent advent of monoclonal antibodies has contributed
significantly to defining lymphocyte subsets but the correlation of, for
instance, QKT-defined markers and other surface markers like Fc receptor
status is not a simpìe one Reinherz et al (1980d).
There may thus be a pìace for a simpìe and rapid means of
identifying the suppressor and helper subsets in a given patient. One
such method can be theophylline modulation of ERFC ability, first described
by Limatibul and co-workers (1978). The present study concerns the
characteristics of theophylline sensitive and theophylline resistant T
lymphocytes in normal blood donors. The characteristics studied include
monoclonal antibody profile, Fc receptor status with respect to IgG or IgM,
the presence or absence of Gall bodies, the esterase content as determined
by ANAE staining and ability to aid or suppress immunoglobulin product'ion
in B cells.
In addition, longitudinal studies urere carried out in five
patients with systemic lupus erythematosus over periods ranging from five
months to a year, in an attempt to correlate the changes in theophyìline
sensitive and theophylline resistant popuìations with disease activity






Red Cross donor blood was used for the maior part of the analysis
of theophylline sensitive and theophylline resistant T lymphocytes.
Btood packs of 300-450 ml. were obtained twice weekly from the Red
Cross Blood Transfusion Centre, Adelaide.
Five patients with systemic lupus erythematosus from the different
nedical units of The Queen Elizabeth Hospital, were followed up
over periods ranging from five months to a year.
Single studies were done in 19 other patients with auto-irmune
diseases as well as other miscellaneous conditions.
Di sease Number of Patients
Systemic lupus erythematosus























1 HAEMATOLOG ICAL EXAMINATIONS
1.1 The erythrocyte sedimentation rate (ESR) was determined by the
method of t¡lestergren with an established normal range of ?-7nm/hour.
L.? Fresh unstained suspensions of T lymphocytes suspended in RPMI
medium + l0% FCS were examined under the phase microscope to
determine the presence of Gall bodies.
1.3 Cytocentrifuged preparations of rosetted lymphocytes were stained
with the May-Grumwald-Giemsa stain.
? IMMUNOLOGICAL METHODS
2.I Native DNA binding alürilY
Native deoxyribonucleic acid (n-DNA) binding activity was measured
by radio-immunoassay with the Amersham II2s kit (Radiochemical
Centre, Amersham,England) based on the anmonium sulphate precipit-
ation assay first described by Wold et al (1968).
Method
50u1 of a 1:10 dilution of the patient's serum was added to
50u1 of ¡r2s labelled DNA and mixed and allowed to stand at 37oC
for one hour. This was then pìaced in a 4oC chamber overn'ight.
Separat'ion of free and bound DNA was achieved by adding 100¡rl of
saturated arnmonium sulphate solution and mixing vigorously and
this was centrifuged at 1000G at 40C for 15 minutes. The
supernatant was aspirated and the radioactivity in the precipitate
uras measured in a gamma counter. The normal DNA binding by th'is
technique was 0-25 units/ml.
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2.2 Antinuclear factor titres
Antinuclear antibodies were sought by indirect immunofluorescence
using 6y crlostat sections of unfixed rat liver and rat liver fixed
in absolute alcohol for three minutes at 20oC. This was incubated
with a 1:10 dilution of the patient's sera for 30 minutes and
counterstained with FITC coniugated anti-human gammaglobulin
(tlelIcome Laboratories) used at a diIution of 1:30.
Nuclear staining tlas classified as homogeneous, rim pattern'
fibrillar, speckìed or nucleolar pattern.
3. SEPARATION OF LYMPHOCYTE SUB POPULATIONS AND FUNCTIONAL ASSAYS
3.1 Harvestinq of peripheral T lymphocytes
Human peripherat blood lymphocytes from normal adult donors
were isolated from heparinised venous blood by Ficoll-Hypaque
density gradient centrifugation. The mononuclear cell fraction
was harvested, washed thrice with PBS and then suspended in RPMI
1640 medium supplemented with 10% heat inactivated foetal calf
serum (Conmonwealth Serum Laboratories, Australia).
Adherent cells were removed by incubation of these cells in
plastic petri dishes at 37oC for 60 minutes. The non-adherent
lymphocytes were then siphoned off and the adherent cells removed
by scraping the base of the plastic dishes with a plastic policeman
and resuspending it in medium.
Human T lymphocytes were then isolated by adding to the non-
adherent ceìls, I.5% SRBC solution to give an optimal ratio of
50 SRBC:1 lymphocyte, and 40% FCS. This was then centrifuged at
1509 for 5 minutes at 4oC and incubated on an ice bath for one hour
(overnight rosetting on an ice bath was occasionally used). The
rosetting pelìet was then gently resuspended and layered on a Ficoll-
Hypaque gradient and centrifuged at 4509 for 30 minutes.
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The non-rosetting cells in the interface were collected separately
and washed with PBS - this formed the B cell fraction for the
subsequent cultures. The rosetted pellet was treated with 1.5 ml.
of glass distilled water for 20 seconds to lyse the SRBC, washed
and resuspended in RPM1 1640 with 10% FCS. This formed the T cell
fracti on.
3.2 Separation of theophylIine sensitive and theqphylliqe ¡qs!staqt
T lymphocytes
The T lymphocytes !ì,ere incubated with 3mM theophylline solution
for 60 mins. at 37oC. The cells were then rosetted with SRBC as
described above, in the presence of theophylline. The fraction
found to retain the abiìity to rosette was termed theophylline
resistant ìymphocytes (T res) whereas the cells which lost the
abìlity to form rosettes were termed theophylline sensitive lympho-
cytes (T sens). These fractions were then separated by a further
Ficol l-Hypaque density centrifugation.
3.3 B cell differentiation assay
The non-T non-adherent peripheral blood lymphocytes were suspended
at a concentration of ?,5 x tO6/ml. in RPMI 1640 supplemented with 10%
FCS. This was incubated with varying concentrations of T res and
T sens subsets in the presence of pokeweed mitogen at a final concentr-
ation of 1:400. In addition 5% of adherent celìs were added to each
cuìture well. The final mixtures were incubated at 37oC for six days
in a humidified 5% C}Z atmosphere. At the end of incubation the cells
were harvested and its viability determined by trypan blue dye exclus-
ion. Cytocentrifuge p..pururions were then prepared using 2 x 105
celìs with 20ul of chicken red blood cells (CRBC) at a concentration
of 0.S x 106/ml as indicator ceìls, and 20% FCS. These smears were
then air dried.
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3.4 Determination of intracvtoolasmic i rmunoql obul i n producti on
The cytocentrifuge preparations were fixed by immersing in 3%
paraformaldehyde solution for 10 mins and then ice cold acetone for
5 mins. This was then stained with fluorescein-coniugated poly-
valent anti-human immunoglobulin antiserum (t^lellcome Reagents Ltd.,
Engìand) for 30 mins and then mounted in Coons-glycerol before
examination with fluorescence microscopy. The number of intracyto:
plasmic inmunoglobutin containing cells were counted per 150-200
CRBC for each slide.
3.5 Indirect i uorescence ni ue for determin monocl onal
ant e
The ìymphocytes to be studied rdere suspended in RPMI 1640
supplemented with 10% heat inactivated foetal calf serum at a
concentration of 5 x tO6/ml. 200u1 of reconstituted monoclonal
antibody solution (Ortho Phannaceutical Corporation, Immunobiology
Division, Raritan, New Jersey 08869) were used in each case' Viz.
0KT3, 0KT4, 0KT8 and 0KM1. This was mixed and incubated on an
ice bath for 30 minutes. The suspension was then washed twice
with ice cold PBS-Azide solution. 100u1 of ftuorescein-labelled
goat anti-mouse immunoglobulin was then added to the cell pellet'
mixed and allowed to stand a further 30 mins. in ice. This r/',as
again washed twice with ice cold PBS-Azide. The remaining cell
pellet was then resuspended in 5ul 90% glyceroì mounting medium
and examined under incident ultra-violet light.
3.6 Determination of oercenta of theoohvlline sensitive T I ymDhocYtes
Selective loss of the ability of T ìymphocytes to rosette with
SRBC after exposure to theophyìtine as described by Limatibul and




Peripheral blood lymphocytes (faf-¡ were suspended at 2 x 106/ml
in RPMI 1640 medium supplemented with 10% foetal calf serum (fCS).
Into each of two test tubeS,0.5 ml. of suspension was pipetted and
to one of them 0.5 ml. of 6mM theophylline solution was added. This
tube was then incubated at 37oC for 60 mins,
A 1.5% SRBC solution lvas prepared meanwhile by suspending thrice
washed SRBC in PBS. To each of the tubes containing theophylline
treated and untreated lymphocytes was added 300 ul. of 1.5% SRBC
solution and either 333u1 or 666u1 of FCS to give a final concentrat-
ion of 40% FCS in each tube. This was then centrifuged gently at
1509 for 5 mins and stood on an ice bath for 60 mins. The rosetting
mixture was then gently resuspended and a drop of this mixture was
placed on a glass slide and sta'ined with 3% of acridine orange. The
number of rosette forming cells was then counted under incident
ultraviolet light with a Zeiss fluorescence microscope using a HB0-50
mercury vapour lamp, a BG12 excitation filter and a 500mu barrier
filter. Lymphocytes with three or more sheep erythrocytes attached
were considered a rosette and a niinimum of 150-200 mono-nuclear ceìls
were counted. The percentage of theophylìine-sensitive T lympho-
cytes was calculated by subtracting the percentage of theophylline
treated lymphocytes forming E rosettes from the percentage of E
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a - b = % ThegPhyltine sensitive lymphocytes
FIGURI 1.
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3.7 Determination of spontaneous plaque forminq cell numbers
Method
Spontaneous plaque forming cells (SPFC) were determined using
SRBC coated with Staph protein A (SPA-SRBC) according to the method
of Gronowicz (1976). Peripheral blood mononuclear cells (MNC)
were separated by Ficoll-Hypaque density gradient centrifugation and
incubated for 60 mins at gzoc'in RPMI 1640 with 10% FCS to allow
shedding of passively absorbed immunoglobulin. No attempt was made
to remove adherent or phagocytic cells in these estimations.
SPA-SRBC were prepared by coupling three times washed senescent
SRBC with SPA as described by Gronowicz (1976). SPA and the washed
SRBC were allowed to interact for ten minutes at room temperature
before chromic chloride (Cr.Cl3) at 1:150 dilution and at pH5 was
added in small atiquots with constant vortexing (Goding 1976).
This mixture was then agitated at 37oC for 7 mins and then washed
three times in HBSS and used at a concentration of 25%.
To 25ul of SPA-SRBC suspension were added 25pl of antisera at
a previously determined optimum dilution - antihuman IgG, IgA, IgM -
I9GAM - (Dako, Copenhagen), 100u1 of the mononuclear suspension
containing 2 x 105 cells with the morpho'logical appearance of lympho-
cytes, and 50ul of fresh guinea pig complement diluted 1:9. The
complement had been absorbed three times with washed SRBC. The
reagents were mixed in micro-titre welìs and the mixture transferred
to Cunningham Chambers which were sealed with paraffin wax and
incubated for 30 minutes at 37oC with a further 30-60 minutes at
room temperature.
Plaques which appeared as circular areas of SRBC'lysis with a
central lymphoid cell, were counted at 20 x magnification using a
binocular dissecting microscope.
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3.8 Determination of acid-a-naohthvl acetate esterase ( ANAE) activity
ANAE activity was determined according to the method described
by Knowles et al (1978). Air dried cytocentrifuge preparations
of the cell fractions were fixed in cold Bakers formol calcium
(pH 6.7) for 10 minutes at 4oC and washed in distilled water for
20 minutes. The slides were then incubated for 4 hours at room
temperature in a mixture of 1.2 ml. hexazotised pararosanjline,
1.2 ml. of freshly prepared 4% sodium nitrate in distilted water,
40 ml. of 0.067 M phosphate buffer (pH 5.3) and 10 mg. of o-naphthyl
acetate in 0.4 ml. acetone following adjustment with 2M sodium
hydroxide to pH 5.8. Hexazotised pararosaniline was prepared by
combining 1 gm. pararosaniline in 20 ml. distiìled water with 5 ml.
of concentrated (12 N) HCL, gently warming the mixture and then
filtering. Following incubation the slides were rinsed in distilled
water, counter-stained with 1% toluidene blue for 30 minutes and
rinsed with running water. They were then dehydrated in increasing
concentrations of alcohol, cleared in xylol and mounted in pix
sol uti on . lrlhen counti ng, cel ì s di spl ayi ng one to three ì arge
discrete cytoplasmic dots were scored positive whilst cells with no
staining or scanty dust like cytoplasmic staining v,,ere regarded as







CHARACTERISTICS OF THEOPHYLLINE SENSITIVE AND
THEOPHYLLINE RESISTANT T LYMPHOCYTES
(i) The effects of theophylline treatment on
reactivity of T ìymphocytes with OKT
monoclonal antibodies
(ii) Characteristics of Tsens compared to
total lymphocytes
(iii) Characteristics of Tres compared to
totaì T 'lymphocytes
(iv) Comparison between the Tsens and Tres
fracti ons
FUNCTIONAL ASSAYS ON THEOPHYLLINE SENSITIVE AND
THEOPHYLLINE RESISTANT SUBSETS
(i) Measurement of intracytoplasmic imnunoglobulin
production in B cells co-cul tured'wi'th
Tres/Tsens lymphocytes
Intracytoplasmic immunoglobul in production in
B cells co-cultured with Ttot/Tres/Tsens
I ymphocytes .
Repeat Assay of intracytoplasmic irmunoglobulin




(iv) Co-culture experiment showing augmentation
of Pl,lM-driven spontaneous plaque form'ing
cells by Tres and suppression by Tsens
(v) Determination of optimal Tres concentration



















(vi) Determination of optimal Tsens
concentration for suppression
PERCENTAGE OF THEOPHYLLINE SENSITIVE T LYMPHOCYTES























5D. LONGITUDINAL STUDIES PERFORMED IN FIVE PATIENTS











54. CHARACTE RISTICS OF THEOPH YTLINE SENS ITIVE AND THEOPI1YLLINE
RESISTANT T LYMPI-IOCYTES
(i ) The effect of theoohvl I ine treatment on reactivitY of
T lympho cvtes with OKT monoc I ona I anti bodi es.
Incubation of total T lymphocytes with 3mM theophylline at
37oC for 60 minutes did not cause significant changes in the cell viability
as determined by Trypan blue dye exclusion. This lvas 95% after theo-
phylline incubation (faUle 1 ). The E-rosetting ability however was
significantly altered (p <0.01) thus allowing their separation into Tsens
and Tres lymphocytes. The reactivity of the T lymphocytes with 0KT3'
0KT4, gKTB and 0KM1 monocìonal antibodies were not significantly altered
following theophylline exposure. 90% of the theophylìine treated Ttot
were 0KT3* .orpur.d to 85% before treatment, possibly reflecting a purer
sample of T cells following a further Ficoll-Hypaque gradient separati;Ón.
(ii) Characteristics of Tse ns compared to total T lymphocytes.
The Tsens population of ìymphocytes was shown to be significant-
ly depìeted of 0KT3+ cells with only 46% positìve compared to 89% in the
total T subset (Table 2). The number of cells containing Gall bodies
(7%) as well as pos'itive staining for ANAE (11%) was also significantly
depleted compared to Ttot. There was however enrichment for cells with
Fcy receptor (55%) compared to 20% of the Ttot. A sÍgnificant proportion
(3g%) of the Tsens were also OKMl positìve. Analysis of this subset with
the Leu 2A and Leu 3A monocìonal antibodies did not appear to be discrimin-








COMPARISON OF CELL SURFACE MARKERS BEFORE AND AFTER THEOPHYLL



























COMPARISON BETïIEEN Tsens AND Ttot CELLS
Þ\¡

















































CHARACTERISTICS % lymphocytes expressing characteristic + S.D.
n Tsens Ttot p value
ND = not done TABLE 2.
48.
(iii) Characteristics of Tres compared to total T lyñphocytes (Tabte 3).
The Tres subset contained 93% OKT3+ cells but did not appear
to differ significantly with regard to Ttot in most of the characteristics.
There was however a definite enrichment in A.N.A.E. positive celìs (81%)
in this subset, and half of them (49%) contained Gall bodies. 63% of
Tres were Leu 3A positive suggesting a possible predominance of helper
phenotype in this subgroup, while 3L% were found to be Leu 2A positive.
It is interesting to note that 17% of Tres cells were 0KÌ41 positive whereas
only 1% of these cells showed the A.N.A.E. staining pattern seen in monocytes.
(iv) Compari son between the Tsens and Tres Fractions
There were marked differences between these two fractions with
regard to most of the characteristics studied (Table 4 ). Thus, Tsens
contained three times as many cells with Fcy receptors as cells with
Fcy receptors whilst the ratio of Fct/Fcu receptors bearing cells in Tres
was 1:3. Judging by reactivity with OKT monoclonal antisera, cells of
heìper phenotype were significantly more numerous in Tres; this also held
true for helper phenotype determined with Leu 3A monoclonal antibody.
However, cells of suppressor phenotype, i.ê. OKT8 or Leu 2A were not
significantly commoner in Tsens, but this fraction did contain a high
proportion of cells which were 0KM1 posìtive (39%) and showed the diffuse
A.N.A.E. staining of monocytes (3L%). The Tres fraction, on the other hand,
contained virtually no monocytes judged by the pattern of A.N.A.E. staining
although a smaìl proportion of cells were 0KM1 positìve. Most of the cells
containing Gaìt bodies and displaying dìscrete dot like A.N.A.E. staining
were found in Tres. In some cells more than one Gall body was somet'imes
noted.
COMPARISON BETIIEEN Tres AND T t CELLS
CHARACTERISTICS
n
% lymphocytes expressing characteristic + S.D.
Ttot p valueTres






















































































ens AND Tres SUBSETS
% lymphocytes expressing characteristic + S.D.
Tsens Tres p vaìue
CHARACTERISTICS

























Ty rosettes stained with
May-Grumwal d-Gí emsa stai n.
FTGURE 2.
52.
FIGURE 3 Tp rosettes stained u,ith Acridine Orange.




(tr(,FIGURE 4. The Gal ì Body.
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58. FUNCT IONAL ASSAYS ON TH EOPHYLLINE SENS TTIVE AND TI-IEOPHYLLINE
RESISTANT SUBSETS
The fotlowing experiments were perfonned to assess the
functional natUre of the Tsens and Tres subsets and an attempt was also
made to deterrnine optimal concentrations of each subset in providing
this function in a pokeweed mitogen driven co-culture system'
(i ) Measu lasmic ì lobulin t on in B cells
co-cultured with Tres/Tsens lymphöcytes. (Tabte 5 ).
There tvas poor generation of inmunoglobulin production
following six days of incubation in the presence of pokeweed mitogen
and a 5% humidified C02 atmosphere. This could be the result of a
number of factors including the failure of the medium (or FCS) to support
inmunoglobulin production, and the unstable carbon dioxide concentration
in the incubator. Monocyte depletion was not carried out in these
earlier experiments, and the presence of excess monocytes may have caused
significant suppression of immunoglobulin production' The viability of
the cultures was however, satisfactory after the six day incubation'
In lasmic immu noql obul i n producti on in B cells co:cultured
tofi
(ii)
with Ttot/Tres/Tsens ìvmohocvtes. (raule 6 )'
There was poor generation of intracytoplasmic irnnunoglobulin
synthesis in these co-cultures under the same culture conditions as before'
The viability of the cultures after a six day incubation period was fairly
satisfactory but the non-generation of Crn+ cells may be attributable to
some of the factors as suggested before e.g. unstable carbon dioxide
concentnations, monocyte induced suppressor effect, or failure of FCS to
enhance culture conditions. This experiment was repeated again'
(See Table z ).
MEASUREMENT OF I NTRACYTOPLASMIC IMMUNOGLOBULI N PRODUCTION IN B CELLS CO.CULTURED
lrIITH Tres/Tsens LYMPHOCYTES I P ED MITOGEN

















































NTRACYTOPLASMIC I MMUNOGLOBULIN PRODU
OCYTES IN THE PRESENCE OF
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(iii ¡ Reoeat Assav of i ntra CV to D lasliric inrnunoqlobul in production in
Bcells co-cultured with Ttot/Tres/Tsens lvmphocytes. (faUte 7 ).
It would appear that Tres can provide help for B cells as seen
by the extent of intracytoplasmic inmunoglobulin production, viz. 68 x 103
C1n+ cetlt/10t lymphocytes, co¡npared to 4 X 103 Ctn+ cells/10s lymphocytes
when Tsens was incubated with B cells alone. There was thus almost total
lack of help in the Tsens fraction. It is however, not clear why the Ttot
cells had an even greater helper effect on B cells compared to Tres with
178 x 103 Crn+ cells/106 lymphocytes.
(i v) Co-culture exoeriment showi no auqmentation of PWM-driven






Augmentation of the PWM-driven PFC response was shown using
subset as evidenced by 16,620 IgM producing lymphocytes compared
IgM+ cells in the control with B cells only. There t¡,as some
for suppression when Tsens r/ì,as co-cultured with B cells in the
of Tres as IgM+ PFC dropped to 4,440.
Determination of o D timal Tres concentration in PtlM-driven co-cultures(v)
(Table 9 ).
These results show that 106 Tres lymphocytes appeared to
provide optimal helper function for intracytoplasmic irrnunoglobulin
production when co-cultured with 1.25 x 106 B lymphocytes suggestìng a
ratio of 1:1.25 for maximaì augmentation. The viability of the cells in 
'|
these cultures after six days incubation in the presence of pokeweed
mitogen, ranged from 8% to 66%. It is likely that in the well containing
3 x 106 Tres cells, the total cell content would be in excess of the optimum
culture requirements per Nuncìon well. In the wells containing from
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CO-CULTURE EXPERIMTNT SHOI.IING AUGMENTATION OF P!{M-DRIVEN PFC
'Tres AND ION BY Tsens.
* Adherent cells (final concentration 5%) were added to














































DETERMINATION OF OPTIMAL TTes CONCENTRATION FOR MAXIMAL INTRACYTOPLASMIC Iq PRODUCTION
hIHEN CO-CULTURED WITH B CELLS IN THE PRESENCE OF PI,IM
cn
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103 to 3 x 104 Tres cells, it is possible that the monocyte contamination
could have played a suppressive rolê in the inmunoglobulin production.
(vi ) Determination of Ootimal Tsens Concentrati ons for súooréssion.
From Table 10 it can be seen that the failure to generate CIg+
cells in the Tres and B cell co-cultures alone would make it impossible to
demonstrate any suppressor effect of the Tsens in the varying concentrations
shown. I'lhen this experìment v,,as repeated (Tabte 11), there was some
suppressor,effect evidenced with increased numbers of Tsens but no clear
dose related effect was demonstrated.








































































































Demonstration of intracytoplasmic inrnunoglobul in
production using fluoresce'in conjugated polyvalent




FIGURE 7 Spontaneous plaque forming cells showing
circular zone of SRBC lysis around innuno-
globutin producing central lymphoid celì.
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5C. PERCENTAGE OF THEOPHYLLINE SENSITIVE T LYMPHOCYTES
IN VARIOUS CLINICAL CONDITIONS
The percentage of theophylline sensitive T lynphocytes were
determined in the following groups:
(i ) nonnal control s
(ii) systemic lupus erythematosus (SLE)
(iii ) miscellaneous group
(i) Percentaqe of Tsens lvmohocvtes in norrnal subjects
These estimations were carried out on blood obtained from Red
Cross blood donors as well as on some of the laboratory staff. The
results of 19 subjects showed a range varying from ?% to 47T" with a mean
of 17.5% (S.D. + 11.5).
(ii) Percentaqe of Tsens lymphocytes in active/inactive SLE.
The percentage of Tsens lymphocytes !{as determined on a total
of ten patients with SLE. Sixteen determinations were obtained during
the active phase of SLE, as determined by clinical parameters; while 19
values were obtained during remission of the disease. Each patient was
thus subjected to more than one evaluation, depending on their clinical
s tate .
The results are graphicalìy set out in Fig.8. In a total
of 16 determinations during active SLE, the Tsens values ranged from -31%
¡s +24% of the total lymphocyte population, thus reflecting the presence
of theophylline inducible ceìls in some. The mean value of Tsens here was
7.9% +.11.3. During the inactive phase of the disease, 19 estimations
showed the Tsens rang'ing from -1.5% to 29% with a mean of 14.7% S.D. + l?.4.
The values obtained for active SLE (7.9% +.11.3) when compared
to the normal controls (17.5% + 11.5) using the Students' t test, showed a
significant difference with a p value <0.02. However, when the mean value
of Tsens in inactive SLE (t4.7% + L2.4) was compared to the normal controls
(t7.5% + 11.5), it was found to be not sign'ificant with a p value >0.1.
68.
The Tsens populations in active sLE (7.9% + 11.3) was not significantly
changed in the inactive phase of the disease (I4.7% + 12.4) with a p >0'l'
(iii) Percen of Tsens I vmphoc vtes in other mi scêl 1 aneous di Séases
The Tsens percentages u,ere determined on patients with a
variety of other medical conditions. These are listed below and show
a range of Tsens from -8% to 25% of the total lymphocytes. The only
patient with a value lower than Mean - zSD was patient No. 6 with -8%
Tsens with chronic lymphocytic leukaemia.
















Alcohol ic I iver disease






























































Percentage distribution of Tsens ìymphocytes in







5D. LONGITUDINAL STUD IES PERFORMED IN FIV E PATIENTS WITH
SYSTEMIC LUPUS ERYTHEMATOSUS
Five patients (Table 12) attending The Queen Elizabeth
Hospital for the management of systemic lupus erythematosus (SLE) were
followed from periods ranging from 5 months to a year in an attempt to
correlate changes in theophylline-sensitive T lymphocyte levels with
other indices of disease activity.
The following indices were assessed:
1. Erythrocyte sedimentation rate (ESR) -
2. Native DNA binding activitY.
3. Antinuclear factor titres (ANF)
4. The number of spontaneous plaque forming cells (SPFC) for
polyclonal innunoglobulin (IgG, I9A, IgM and total I9
production. )




1. D.B. Female 56 yrs 13 Yrs Arthralgia, rash peri-
cardial effusion
2. C.M.T. Female 23 yrs 2 Yrs Arthritis, haemoìytic
anaemi a
3. M.K. Male 23 yrs Z\Y'rs (R) optic neuritis and
lymphadenopathy




4. L.W. Female 36 yrs 2 Yrs
Mal e 72 yrs lrzyrs Polyarthritis and mesangial
gl omeruì onephri ti s .
5. J.tl
PATIENT SEX AGE DURATIONOF SLE
MANIFESTATION OF SLE






0.8., a 56 year old Caucasian female was first seen in 0ctober,
1968 for left sided chest pain associated wjth breathlessness and coughing.
She was febrile with signs of basal pneumonia and was anaemic (Hb.8.49 per
100 ml.). A pericardial effusion developed after admission and investi-
gations supported the diagnosis of S.L.E. with a raised ESR 61 mm/hr'
hyperglobulinaemia, antinuclear factor positive with homogenous staining
at a titre > 1/500 and the presence of LE cells. Prednisolone 60 mg.
daily was cormenced with good clinical improvement. A renal biopsy in
November, 1968 showed no active renal lesions of SLE and she was subsequent-
ly maintained on 5 mg prednisolone a day. In November, 1970 she developed
deep vein thrombosis of the left leg and required anticoagulant therapy.
Subsequently, azathioprine 100 mg/day was added. However, a month later
she developed haemarthrosis and suppuration of the right knee and required
arthrotomy for relief. Anti-coagulants were ceased and in May, l97I
arthrodesis of the right knee was performed. Meanwhile, diabetes nnllitus
developed and tolbutamide was instituted at 500 mg bd, in addition to
diuretics for congestive cardiac failure. The SLE remained quiescent
through the next six years and she was maintained on azathioprine and
prednisolone but required insulin to control the diabetes. Steroid
induced osteochondritis dissecans of the left knee and a few suicidal
attemptswith drug overdoses necessitated further admissions over 1979
and 1980 and she remained intennittently depressed and required tricyclic
antidepressant therapy. In January, 1981 azathioprine was ceased and
in March, 1981 she was re-admitted with right mìddle lobe pneumonia which
progressed to respìratory failure and required management at the Intensive
Therapy Unit with parenteral antibiotics and 30 mg prednisolone/day.
At this time her DNA binding ¡¡as > 105 units/ml, the ANF + at 1/640 and
ESR was 109 rm/hr. It was felt that she had suffered a relapse of SLE
in addition to the pulmonary complication. She improved and was discharged





In August, 1981 cervical lymphadenopathy developed and she
also complained of persistent low back pain which was thought to be a
result of steroid induced lumbar osteoporosis. By December she was
feeling well and was on prednisolone 18 mg. maintenance dosage.
CORRELATION OF MEASURED INDICES I,IITH DISEASE ACTIVITY (Fig.9, Table 13).
sLE was first diagnosed in this patient in october, 1968
when she presented with an auto-irmune haemolytic anaemia and subsequent
pericarditis. However, Tsens estimations brere performed only since July,
1991 when this study was undertaken. At that time she had iust recovered
from a relapse with complicating right middle lobar pneumonia. The Tsens
was 19%, although SPFC estimations still revealed a marked degree of
activity of the SLE with 4,700 polyvalent Ig producing cells and 3,260
IgA+ producing lymphocytes per 106 tymphocytes. In August' 1981 she had
another relapse with cervical lympadenopathy at which time the Tsens fell
to -13%, $,ith a rise of DNA binding to 72 units/ml. t¡l'ith treatment she
remitted and a concomitant fall in DNA binding in 20 units/ml. in November
1981 was associated with a rise in Tsens to 27%. This subsequently again
decreased to L6% on 27.11.81 when the DNA rose yet again to 93.5 units/ml.
together with an associated rise in SPFC production. The Tsens returned
to 2I% in January, 1982 when her other parameters also indicated remission






























FIGURE 9. Case llo. I D.B. Female 56 years.
Case No.1 - Addendun
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C.M.T. , a Zg year old Vietnamese female presented in December,
1979 with fever and arthritis of the left ankte together with l¡nnphadeno-
pathy and was found to have a coomb's positive haemolytic anaemia with
Hb 8.3g per 100 ml. Investigations revealed an ESR of 118 rm/hr, numerous
LE cells, low serum-c4 level of 0.09G/L (nonnal 0.2-0.5), hyperganmaglobul-
inaemia and positive antinuclear factor at an end titre of 1:640' The DNA
binding was however, normal at 23.5 units/ml. X-rays of the chest and
left ankle !,rere normal.' The only significant past history was that of
malarìa whiìe ìn a refugee camp six months previously and this was excluded
as a cause for her present fever. A diagnosis of sLE was made and
prednisolone instituted at a dose of 15 mg/day, with dramatic resolution
of the fever, 'improvement in the arthritis and regression of the lymphadeno-
pathy. She defaulted from follow up after two months of steroid therapy
and was next seen in March, 1980 for a persistent cough. Investigations
revealed miliary pulmonary tuberculosis and anti-tuberculous chemotherapy
was irmediately conmenced, with Isoniazid 300 m9, Ethambutol 800 mg'
Rifamp.icin 450 mg, Streptomycin 500 m9 and Pyridoxine 6 mg. daily. Sub-
sequentìy resistance to Isoniazid and Streptomycin was discovered and as
radiological resolution of the miliary lesions was slow, chemotherapy was
changed to Capreomycin 759, Pyrazinamide 1.25g' para-aminosaìicylic acid
(PAS) 12g, Ethionamide 750ug and Ethambutol 800 mg, with a maintenance of
Prednisolone at 5 mg/day. She had a stormy recovery but eventuaìly im-
proved with radioìogical clearing and good clinical improvement- The sLE
appeared to be in remission then and DNA binding remained within normal
l.imits. However, in september, 1981 just as anti-tuberculous chemotherapy
was due to cease, laboratory tests suggested a reactivation of the SLE
although she remained clinically well. There was increased SPFC activity'
an increased DNA binding of 107 units/ml, and a raised ESR of 45 nn/hr.
76
In view of these findings prednisolone was increased to 15 mg/day' with
resulting improvement in these parameters.
ON OF MEASURED INDICES lf'IITH DISEASE ACTIV (Fig.10, Table 14) .ITY
This patient initiatly presented in December, 1979 with SLE
but investigations on the Tsens population were only obtained later in
September, 1981 when she was found to have a relapse. DNA binding at
that time was 107 units/ml, with an ESR of 45 rrn/hr. The Tsens at this
time was 241. of her total lymphocyte popuìation. The patìent had iust
completed a course of anti-tuberculous chemotherapy for miliary pulmonary
TB, but did not have any specific complaints re'lating to relapse of her
SLE. The Tsens percentage further decreased to -5% a week later and
her SPFC also showed a concomitant increase to 1,100 of polyvalent Ig
producing tymphocytes. Prednisolone therapy was consequently increased
to 15 mg daily on the assumption that these parameters might herald a
clinical relapse. There appeared to be some improvement with a fall
in ESR to 27 mm/hr, decrease in SPFC production and a return of Tsens to
I7%. The patient subsequently defaulted from follow up and her subsequent









































FIGURE 10 Case No. 2. CMT. Female 23 Years.
{ _ _<__t* r--.ë h**-














































M.K. a 23 year old Polish male presented in August, 1979 with
a maculopapular rash over the hands and face for five weeks, and blurred
vision in the right eye for one week. This u,as preceded by increasing
fatigue and poor night vision. clinical examination revealed an erythem-
atous telangiectatic rash over the face and hands, marked generaììsed
lymphadenopathy, and loss of vision in the right eye. The fundi appeared
to be within normal timits. Investigations supported the diagnosis of
an autoirmune disorder with vasculitis causing right optic nerve ischaemia
and included a raised DNA bindìng activity of 55 units/ml, positive anti-
nuclear factor, and marked hypocomplementaemia with totaì serum haemolytìc
complement <20% (normal 90'96%) and S-C, level of 0'28G/L (N 0'5-1'5) and
s-co of 0.01 G/L (N 0.2-0.5). The ESR, however, did not rise beyond
9 mm/hr, durìng the acute illness. Prednisolone was begun at a dose of
60 mg/day with some improvement of visual acuity and dramatic improvement
of the rash. Because of persistent hypocomplementaemia, Prednisolone was
increased to 100 mg daity and Cyclophosphamide 200 mg/day was added'
visual acuity improved stightly in the right eye and he remained othen¡ise
well and returned to work. He was maintained on Cyclophosphamide 100 mg
dailyand:Prednisolone 25 mg a day, with a return of the serum complement
levels to normal.
During follow up he remained well and visual acuity in the
right eye continued to improve. DNA binding' serum complement levels and
antinuclear factor titres reverted to normal levels and Cyclophosphamide
was gradually withdrawn and Prednisolone reduced very graduaìly and ceased
in February,'1981. The patient then defaulted from follow up for some
months but when reviewed in July, 1981 investigations suggested reactiv-
ation with rising ANF titres and raised DNA binding of 50 units/ml, increased
SpFC activity with 900 IgA producing SPFC/tO6 lymphocytes and borderline






the patient remained asymptomatic and Prednisolone was recommenced at
a dose of 20 mg/day. There was gradual improvement once steroids were
instituted with regression of the lymphadenopathy, a reduction of SpFC
activity, and a fall in anti-DNA antibody titres. He is currently
maintained on 13 mg Prednisoìone daily.
CORRELATION OF MEASURED INDICES I,IITH DISEASE ACTI VITY (Fig. u, Tabte 15).
This patient was investigated for Tsens levets only at the
time of his relapse in september, 1981. At this time indices of SLE
activity suggested a reactivation of the disease with an ANF titre of
1:160, a raised DNA binding to 1.00 units/mì, and 1560 IgA producing spFC
106 lympnocytes. The ESR remained normal at 8 mm/hr, but the percentage
of rsens lymphocytes decreased to -10% suggesting the presence of
theophylIine induced rosetting of T ìymphocytes. llith the reintroduction
of Prednisolone there was a reduction in SPFC activity and a fall in DNA
binding, and the Tsens ìevel rose to 15%. This was accompanied by
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FIGURE 11. Case No. 3. M.K. Male 23 years.
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L.}1., a 36 year old female first presented in 1979 with a
rash over the face and upper body and polyarthritis involving the
proximal interphalangeal joints, wrists and knee ioints. DNA bind'ing was
markedly raised at >105 units/ml and the antinuclear factor test was
positive with homogeneous staining to a titre of 1 in 160 rising to 1 in
640. The ESR was L5 mm/hr. and there was evidence of microscopic haema-
turia. She subsequently became thrombocytopenÍc with a platelet count
of 34,000/crm and was shown to have platelet antibodies to a titre of L/I6.
Prednisolone 100 mg daily was instituted and gradually reduced to a
maintenance dose of 10 mg over four months.
Durìng follow up she developed an episode of right sided
pleurisy in August, 1980 and Prednisolone was increased to 40 mg. daily.
During this time she also developed a depressive illness requiring tri-
cyclic antidepressants. Late in 1980 she developed left sided trigem'inal
nerve involvement resulting in sensory loss involving the second and third
divisions of the trigeminal nerve. In June, 1981 she had another exacer-
bation of SLE with alopecia and a flare up of polyarthritis, and at this
stage an antimalarial, hydroxychloroquine sulphate 200 mg. daily, was
added. She then developed a grand mal seizure in August' 1981 and an
electroencephalognam showed evidence of cerebral dysrhythmia. Sodium
phenytoin 400 mg daily was started and Prednisolone was increased to
30 mg. daily. Late in August she had a pyrexial illness with a generalised
rash and lymphadenopathy which resolved on its own. In December, 1981
she developed lower abdominal pain with marked peritoneal irritation and
diarrhoea which was attributed to vasculitis of the small bowel. She
has been maintained on 20 mg. Prednisolone daily since then, and has
remai ned asymptomati c.
84
CORRELATION OF MEASURED INDICES I,JITH DISEASE ACTIVITY,
(See Table L6 ' and Figure 1â.
During the period of study frorn April to December, 1981' L.l'l.
experienced several episodes of increased disease activity with alopecia
and polyarthritis in June, a grand mal seizure in early August and later
pyrexia and lymphadenopathy, and smal'l intestinal vasculitis in December.
It can be seen that during all these episodes, the ESR remained low, not
exceeding 20 nm/hr, and as such did not appear to be a useful parameter
in this case to predict relapse.
However, the spontaneous plaque forming cell numbers were
high in July and the IgA producingsPFCpeaked at 1.,420 (Control = L24t97)
in early August. At this time the Tsens level appeared to be within the
nonnal range (18%) but then fell to a low 4% with DNA binding at 60 units.
This preceded the onset of the pyrexia, rash and lympadenopathy in August.
The antinuclear factor titre at this time was also raised at 1.:640.
hlith clinical resolution, it can be seen from Table 16 that the number of
SPFC in October returned to normal but unfortunately a Tsens measurement
is not available at this time for correlation. The DNA binding, SPFC
production and ANF titre were returning to normal in late November and






















































FIGURE 12. Case No. 4 L tl Female 36 years.




























































J.lrl., a 72 year old male with a sìx month history of arthritis'
first presented to Casualty in January, 1981 with a two day history of
severe epigastric pain. He was taking codeine and salicylates as well
as Indomethacin suppositories for pain relief at the time of admission,
but had also taken Ibuprofen and Naproxen tablets in the preceding months.
Significant findings on admission included consolidation/
collapse of both lower tung lobes with small bilateral pleural effusions,
a raised ESR of 96 mm/hr, hyperganmaglobulinaemia and an elevated serum
creatinine of 220runol/1. Upper gastrointestinal endoscopy did not reveal
any mucosal lesion to account for the epigastric pain. Further tests
revealed a markedly elevated DNA binding >105 units/ml, antinuclear factor
positive at a 1:1280 titre with homogeneous and rim patterns and micro-
scopic haematuria with hyaìine and granular casts in the urinary sediment.
A renal biopsy showed diffuse lupus glomerulonephritis with mesangial
swelling and proliferation with occasional areas of segmental necrosis
and some crescent formation. Inrnunofluorescence'studies showed variable
mesangial and capillary wall reactions for IgG, IgA, IgM' Cl and C3.
Prednisolone 20 mg was instituted with significant improvement in sytnptoms
and a return of the serum creatinine to normal levels within a week.
Glucose intolerance however, developed, and as dietary control was in-
effective, the introduction of insulin was necessitated and he was
satisfactority controlled on 16 units of insulin daily. The Prednisolone
was gradually reduced to 10 mg/day and an antimalarial, hydroxychloroquine
suìphate 400 mg daily was added. He has remained asymptomatic.
CORRELATION OF MEASURED INDICES I,IITH DISEASE ACTIVIÏY (Table 17, Fig.13).
Measurement of the percentage of theophylline sensitive T
lyrnphocytes and SPFC was only done two weeks after the patient's admission
as he was being managed at another unit of the Hospital. At this time
88.
he had been on 20 mg Prednisolone and the symptoms had regressed and
ESR reduced to 50 mn from 96 rnm/hr. SPFC activity still appeared to
be marked with 1,330 IgA producing SPFC/106 lympnocytes, but the Tsens
level was I2/" increasing to 14% the following week and was within normal
at 22% after four weeks of Prednisolone therapy. The ESR (47 mm/hr.)
and DNA binding 115 units/ml however, remained elevated at this time
despite clinical improvement. This raises the possibility that the
Tsens % may reflect more accurate'ly the day to day fluctuations in
immunological response to therapy preceding the return of other parameters
to normal. The subsequent fall in Tsens levels shown in October to
-ß% indicates the presence of theophylline inducible cells which rosette
onìy after exposure to theophylline. This does not appear to have been
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FIGURE 13. Case No. 5. J.tl. Male, 72 years.
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This study was undertaken to assess whether theophylline
sensivitivity was a constant and reliable marker for separating T cells
with suppressor or helper function, suitable for use in a clinical
setting. Limatibul (1978) first demonstrated the ability of theophyltine
to differentially alter the rosetting ability of T lymphocytes with sheep
red blood cells. In the present study T ìymphocytes isolated from the
btood of Red Cross donors were further separated into theophytline sensitive
and theophyltine resistant cells depending on their ability to rosette with
sheep red blood cells in the presence of theophylline. The fractions were
then analysed to determine other established markers claimed to correlate
with helper or suppressor activity viz. reactivity with monoclonal anti-
bodies, Fc receptor status, the presence or absence of Gall bodies and the
acid esterase content as determined by ANAE staining' The functional
behaviour of the fractions in co-cultures with B cells was also studied.
Following initial studies by Limatibut and Shore (1978), subsequent
studies (Birch, 1981, 1982) have not sought to establish the usefulness
of this property in assessing the helper or suppressor status in clinical
conditions. In this study, an attempt was also made to correlate the
cljnicaì course of five patients with systemic lupus erythematosus with
the variations in their theophylline sensitive celt populations and to
compare these with other established parameters of disease activìty.
Theophytline treatment of total T lympocytes did not
significantly alter their reactivity with monoclonal'antibodies of 0KT3'
0KT4, 0KT8 and 0KM1 specificity, although their SRBC rosetting ability
was significantly altered. cetl viability, assessed by Trypan Blue dye
exclusion was maintained at >95% fotlowing incubation with 3mM theophylline
at 37oC for 60 mins, showing that significant cell damage dìd not account






The theophylline resistant fraction contained 93% 0KT3
93.
cells
and was found to be reasonabìy homogeneous with regards to putative markers
of helper activity. .Previous studies have shown (Kung 1979) that in
general, T cells with helper function are found in the OKT4+ or Leu 3A+
fraction while suppressor cells predominate in the OKTS+ and Leu 2A+
fractions although none of these markers is specific for helper or
suppressor cells. About 60% of the Tres cells in this study were 0KT4
positive and 63% were Leu 3A positìve, where., ollly 27% were 0KT8+ and
31% Leu ZA+. However, the proportion of 0KT4+ and 0KT8+ cells in the
Tres fnaction was not significantly different from the proportions in
total T tymphocytes. The number of ceìls withposirtiveANAE stainìng
was significantly greater (81%) in the Tres population than in the total
T lymphocytes, as was the number of cells showing Gall bodies on phase
microscopy; Gall bodies were found in about hal¡ @9%) of the theophylline
resistant cells. Marcus and Hurtubise (tggf) demonstrated that 68% of
the prospectively identified Gall granules had spatially coincident focal
esterase staining when stained with a-naphthylacetate esterase. They
proceeded to demonstrate that almost no g cälls had Galt granules, in
contrast to T-helper cells defined with monoclonal antibodies, úhich were
shown to contain Gall bodies in 481. of the cells and in which 88% of all
Gatl bodies resided. They concluded that the Gall body largely
correlated with focal tymphocyte acid esterase activity, and that it
was a simple and rather good marker of T-helper lymphocytes. tiìle have
demonstrated focal lymphocyte acid esterase activity in BL% of theophylline
resistant cells which have other markers indicating that they are of the
T-helper subset. The reason that only 49% of these cells actually showed
Galt bodies under phase microscopy of a fresh cell suspension may be
attributed to the fact that these refractile bodies move with apparent
freedom through the cytoplasm in the perinuclear zone and may not have








Gatt body has remained virtually unknown even to haematoìogists may be
due to its solubility in methanol and acetone which are widely used as
btood fixatives. This combined with its Neutral Red and Sudan Black
staining and apparent birefringence suggests that it has a micellar lipoid
nature (Hempelman 1953).
. Analysis of the theophylline sensitive population showed it
to be a markedly heterogeneous group of cells displaying both helper and
suppressor cell markers in addition to significant rnnocyte contamination.
Gatl bodies t¡,,ere found in only 7% of those cells, with ANAE staining
denpnstrable in lL%. Qnly 46% of these theophylline sensitive ceìls
were 0KT3*, ,rgg.rting that they were a heterogeneous population of ceìls.
Thirty nine percent were 0KM1 positive compared to tL% in the total T
lymphocyte pool. The 0KM1 marker is said to define monocytes and null
celts. This degree of monocytic contamination may be the result of only
single adherent ceìì rernoval on plastic petri dishes incubated for one
hour at 37oC, and also the magnitude of the total cells per dish which
could reach as high as 50 x 106 per petri dish when incubated.
Techniques described for removal of adherent cells involve
incubation of mononuclear cells on plastic dishes at 37oC for 45 minutes
in a 5% C02 enriched atmosphere in some cases (Pichler 1978), whereas
other workers (Evans 1977) plate unfractionated mononuclear cells on
glass Petri dishes and incubate at 37oC overnight, and yet others (Keightley
1976) suggest incubation at 37oC for one hour. Birch and Poìmar (1982)
however, claimed effective adherent cell removal following incubation in
plastic flasks at 37oC for 35 mins. with less than 3% monocyte contamination
in the resulting non-adherent cell suspension. More recent'ly Fauci and
co-workers (tggZ) employed fractionation of Hypaque-Ficoll separated mono-
nuclear cells over Percoll gradients and eìutriation of this produced







Theophylline sensitive cells did show a significant proportion
of cells bearing Fc1 receptors (55%) compared to 201" in the total T lytnpho-
cyte pool and only ILl" in the Tres group; however, other narkers for
suppressor activity did not appear to substantiate a signi'fi:cant suppressor
cell populatìon within the Tsens group. Thus only 44% were 0KT8+ and 29%
Leu 2A+, both being predominant nonoclonal antibody markers for suppressor
cells. These results bear some sìmilarity to those of Reinherz et al
(tgeO¿)who found the Ty enriched population to be a heterogeneous population
of cells with only 15% reactivity to 0KT3 antisera and a larger 
percentage
(50-88%) 6KI,¡I+ compared with unfractionated T cells. Thus they showed
little correlation between T subsets defined by monocìonal antibodies and
those defined by Fc receptor status and it was suggested that Tv cells were
of a monocyte-myeloid lineage, possibly natural killer ce'lls' In the
present study the Tsens population had only 46% 0KT3+ cells but 39% Ol0{1+
cells. since they contained a significant porportion (55%) of cells
bearing Fcv receptors, the possibitity of natural killer cells beìng
theophylline sensitive needs to be borne'in mind'
Experiments to assess the functional characteristics of the
two subsets proved difficult to reproduce. The Tres tymphocyte subset
was expected to enhance immunoglobutin production when co-cultured with
B cells. This was demonstrated in certain experiments (Tabte 7 ), where
Tres provided help for Tsens suppression of Pb|M driven generation of plaque
forming ceìls. However in other identical experiments'(Tables 5' 6' )
suchhelpandsuppressionwerenotclearlydemonstrable.Intheinitial
functional assays (Tables 5 & 6. ) poor intracytoplasmic innunoglobulin
production was obtained when Tres were incubated with B cells in the
presence of Pt¡lM. Certain experimental factors may have contributed to
this. The carbon dioxide levels in the humidified 5% C02 chamber had
been known to be unstable, aìthough the extent to which this affected the
culture conditions could not be determined. The foetal calf serum may
96.
not have sustained imunoglobulin synthesis optimally. Monoctye depletion
had not been carried out in the earlier experiments, but in subsequent
assays monocytes were rernoved by adherence on plastic petri dishes at 37oC
for 60 mins. and then added back to 5% of the total cell content in a
culture well. However T cell depleted B cells isolated by centrifugation
on a Ficoll-Hypaque gradient could stilt contain some monocytes which in
turn could exert a suppressive effect on irrnunoglobulin production.
Monocytes have been shown to play a central role in modulating
lymphocyte responsiveness. This function may involve transmission of
information via cell-to-cell contact with 'lymphocytes as during antigen
presentation or augmentation of mitogen induced proliferation. The intact
monocyte as well as a secreted monocyte factor, Interleukin I are required
for pokeweed mitogen stimulated B ceìl differentiation (Rosenberg 1982).
Fauci et al (1982) showed a marked decrease in plaque forming cells when
monocytes were excluded from celì cultures. However, in reconstitution
experiments it was shown that following initial response with Ig production'
subsequent increases in monocyte concentrations led to marked suppression.
This suppression of B cell function by excess monocytes has also been shown
in disease states such as multip]e myeloma, sarcoidosis, SLE and active
tuberculosis (Fauci 1982). The mechanism of this monocytic suppression
on B cell function is unclear. However it has been suggested that one of
the mechanisms of the monocyte-mediated suppression is an interaction with
an irradiation-sensitive T-cell. The preferential binding of pokeweed
mitogen to the monocyte was thought to be one of the main functions it
exerted in culture and this was shown to be associated with the presence of
the Ia antigen on its surface. It was also found that the proport'ion of
monocytes to non-monocytes for a given individuat on a given day could be
either too high or too low for maximal Ig production. In our study, the
production of intra-cytoplasmic immunoglobulin in B cells did not appear to
be predìctable when either Tsens or Tres were used in the co-cultures.
97.
The high percentage of QKMI+ cells in the Tsens population should
theoreticalìy cause a significant suppression in immunoglobulin production,
but this was not substantiated in all the experiments. 0'Malley and co-
workers (1982) showed that the Tv OKMI+ lymphocyte subset was responsible
for elaborating human y interferon (or "type Il" interferon) in response
to phytohaemagglutinin stimulation and attributed the suppressor function
of this subset to the anti-proliferative activity of y-interferon.
The clinical component of this study involved estimating the
percentage of Tsens cells in normal hea'lthy donors as well as in known
clinical conditions. Systemic lupus erythematosus is a not unconmon
auto-'iþune di sease encountered i n dai ly cl i ni cal practi ce whi ch has been
clajmed to result from impaìred suppressor activity. (Kaufman 1979 -
Bresnihan,1977). The study of patients with SLE in both the active phase
of the disease as well as in remission was undertaken to determine the
variations of their Tsens during these phases. The normal range determined
for Tsens was L7% (+ 11) compared to 8% (+ 11) in active SLE, showing a
significant decrease. However during the inactive phase of the disease
19 estimations showed the Tsens to be 14% (+ 12) which was not significantìy
different from the normal range. Sakane et al (1980) showed that during
perìods of clinical inactivity the abnormalities of suppressor cell
generation returned to normal in whole T cel'l populations in SLE. Wangel
et al (1982) using a reverse haemolytic plaque assay simiìarly demonstrated
a markedly increased number of ìymphocytes secreting IgG, IgA and IgM
during clinically active SLE with a return to control values during the
inactive phase of the disease. Anti-T cell antibodies have been demon-
strated durìng the active phase of the disease and a defect in suppressor
cell generation can be induced in the lymphocytes of normal ind'ividuals
when these antibodies are used to treat the lymphocytes in vitro.
(Sakane 1979).
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Five patients with sLE were followed over varying periods
of up to a year in an attempt to correlate changes in Tsens numbers with
other indices of activity. Tsens percentages generalìy showed a decrease
during clinical relapses and in some cases they appeared to herald a
reìapse in a manner similar to other parameters such as D.N.A. binding
and SpFC formation. The ESR was non-discriminatory in this respect and
was norïnal in certain instances eVen during active disease. In a few
patients theophylline inducible T-cells appeared to predominate during
the acute phase of the disease. The significance of this is not known,
but one might speculate that it indicated a population of irunature T-cells
or pre-suppressors that do not achieve full suppressor activity during






BECKER, It.G., BUCKLEy, R.H., (1978) In Uitro shtáies of htnnan rgÛ biosynthesís
proceedfngs of the 34th Annual Meetlng of the American Aeademy
BAKER, P.J., STASHAK, P.W., AMSBAUGH' D.T., PRESCOTT' B. and-BARTH' R.F.
(1970) , 
'Euidence 
for the eristenee of b'to funetionaLLy &Lstinc_t
t1pes of eeLLs uhích reguLate the antibody nespont-? to Type III
PrteumoeoccaL poLysaceharùde. J.Inmunol. 105 : 1581'
of Allergy, Phoenix U.S.A. Abstr. p.81.
BEVERLEY, p.C.L., and CALLARD, R.E. (1981) ÙLstinetíoe functíonaL eharaeten-' isüâs of hwnan T Lymphoeytes defined bg E rosetting on a
monocLonal anti-T ceLL antibodU. Eur. J. Imunol.Il : 329.
BIRCH, R.E. and POLMAR, S.H. (1981) IrtÅuction of Fey neeeptons and' 
subpopuLatíon of hunan T Lynrphocytes by Adenosíne _and Intpromidine'
an Ur-histønine agonist. CeLl. Innunol' 57 : 455'
and PoLl'fAR, S.H. (1982) Ph L modifí-eatíon of
invmnøneguLatorn¿ T Lymphoeytes ct of adenosåne, H,
and Ho hí-stønine agonists ttpo yte neguLatl'on ol




BRESNIHAN, B. & JASIN, H.E. (1977) Suppressor funet-ðory of ry?phetaL
bLood monpnueLear ceLls in rnrnaL irtåùuiduaLs an-d. in patients
uith systemíc Lupus etythematoaus. J. Clín. Invest. 59 : 106.
cAHrLL, R.N.P., POSKTTI, D.C., FROST, H. & TRNI(A' Z. (1977)
T1¡o &Lstinet pools of neeí.rcuLatin4 T Lyrnphoegtes : nrLgvatoty
chapaeterùsties of rndaL and intestinaL T Lyrnphoeytes.
J. Exp. Med. L45 z 42O.
CLINE, M.J., C,OLDE, D.I,¡. (1979) CeLLuLar i,nteractions in hematopoiesis
NaÈure 277 z I77.
COHEN, I.R. and LIVNAT, S., (f976) The eeLL-nediated intmtne response :
Interaetions of ùnitiator and. reetaited T Lynphoegtes.
Transplant. Rev. 29 z 24.
EVAI{S, R.L., BREARD, J.M., LAZARUS, H,, SCHLoSSMAN, S.F. and CHESS, L.,' (i,g77> Deteetion, ísoLation and functionaL eharaeter"isation
of tuto human T-eeLL subeLasses bearùng unique dLffenentiation
antígens. J. ExP. Med. 145 z 221.
R.L., LAZARUS, H., PEUTA' 4.C., and SCIILOSSMAN' S.F., (1978)
hto funetionaLLy dí.stinct subpopuLations of hunan T eeLLs
th^ai coLLaborate in the generatíon of eytotoæic eeLLs
responsibLe for eeLL-mediated LyrnphoLgsís. J. Irmunol. l2O z 1423
4.S., STEVENSON, H.C.' I^IHALEN, G., and ANDRYSIAIqP.(1982>
Monocyte-mediated intmtnoreguLation of hwnarl B-ceLL function.
Human B-lymphocyte functlon : Activation and immunoregulaÈion
Ed: A.S. Fauci and R.E. Ball1eux, Raven Press, New York, 1982'
FAUCT,
101.
FELDI,ÍANN, M.' BEVERLEY, P.C.L., WOODY, -J' q MCKENZIE, I'F'C' (l-977>
T-T interaâtio* in the i1.úrction of suppnessop qnd heLpe,r
f ."t,tl- t anaLysis of menbnane phenotype of precttnson and
ørpLifier cells. J. Erç. Med' 145 z 793'
IERRARINI, M., cADoNI, 4., FRAIi¡ZI' 4.T., G.IIIGLIoTTI, C.' LEPRINI, 4.,
ZICCA' 4., and GROSSI, C.E. (1980)
UttiastruâAou and .yio"hemistrr¿ of hwnan perùphenaL bLood
Lyrnpho.gtes. SimùLqhties beüneen the eeLLs of the thiv'd
populaiíon anå. f , Lgntphoeytes. Eur. J. I¡munol. 10 : 562.
GALL, E.A. (1936) A prettiot*slg unÅeseribed granuLe uithin the Lyrnphoeyte
An.J.Ìled.Sc. 191 : 380-
GEHA, R.S. (1979) ReguLatíon of hwnan B eeLL actiuation.
Immunol. Rev. 45 '. 275-
cODINc, J.I{. (f976) Th.e elwomie ehloz'ide method -of eoupLíng antigens
to ezlthroeytes : Definitíon of some inrportant parønetens.
J. Irtmunol. Dtethods l0 : 61.
GRONOI{ICZ, E., COUTINHO' 4., and MELCHERS' F' (f976).A.pLaqun*'oyforaLLeeLLsseeretinglgofagiuentype
oz' eLass. Eur. J. I¡nmunol. 6 z 588'
GROSST, C.8., I^IEBB' S.R., ZÍCC/., A.' LYDYARD, P'M" MORXTTA, L" MINGARI'M'C"
and COOPER' M.D. (1978)
uàrphotogiâaL anÅ. histoehenri,caL arnLgsís of h¡o human T ceLL
. subþopuLâtíon's bearf'ng reeeptors fot' IgI4 or' ÏgG'J. Exp. Med. 147 : 1405.
HAYI.IARD,4.R., LAWARD, L., LYDYARD, P.M.' MORETTA, L., DAGG, M.' and
tawroN, A.R. (1978)
te-neceptor heterogeneíty of htnnan s?.tppaessot T ceLLs.
J. Inrnunol. lzl : 1.
HEMPELI,{ANN, L.H., and KNOIÍLTON, N.P., (f953) The rtature of neu-ttaL ted' stal.i+ng rifraetit:â particLes in the Lyntphoeytes of the bLood
of nørnaL humans. Bl-ood I : 524.
HERSERMAN, R.B., DJEU, J.Y., I(AY, H.D., ORTALDO' J.R.' RTCCARDT' C.'
BONNARD, ð.O., HOLDEN, II.T., FAGNANT' R.' SANTONT' A., and
PUCCETTT, P. (1979)
NattpaL íriLtno ceLLs : Cltataetev'isties and neguLation of
actõuí,tY. Immunol. Rev. 44 z 43.
HERZENBERG, L.A., OKIJMURA, K.O., CAÌi¡TOR, H., SÀTO, V.L., SHEN' F'W''
BOYSE, E.A. and HERZENBERG, L.A.
eg7¿i T-eeLL reguLatíon of antibody resporßes : D.emonstnation
of aLTofupe-speeiiie helper T eelLs anã thein speaLfie remouaL
by suppnebsor T ceLLs. J. ExP. Med ' 144 : 330'
IIODGSON, II.J.F. ' I^IAI{DS, J.R. and ISSELBACHER' 
K.J' (1978)
ALteration ín suppresson eeLL aetíuity in chnonie actiue
hepatitís. proc. NaÈl. Acad. Sci. U'S'A' 75 : 1549'
r02.
JAI.IOSSY, G., TIDMAN, N., SELBY, W.S., TIIOMAS, J.4., GRAI¡GER, S., KLING, P.C.,
GoLDSTETN, c. (1980)
Hwnan T Lyntphocytes of inducer m.d suppressor type oceupy
diffenent mieroemsí"onments. Nature 287 : 81.
JOHNSEN, H.E., MADSEN, M,, and KRISTENSEN, T. (1979)
Lymphoeyte subpopuLq"tions in Man : Suppnession of PllM-in&rced
B-ceLL proLifez,ation bg Infeetiotrs Mononucleos¿s T ceLLs.
Scand. J. Inrmunol. l0 : 251.
JONDAL, M. (1976) SRBC v,osette forrnatùon as a hwnan T Lgnphoegte matken.
Scand. J. Innunol. 5 : 69.
JONDAL, M., and MERRILL, J.8., (198f) Distrùbution of IgG and IgM neceptors
on hwnqt peripheraL na.turaL kíLLep eeLLs measured on the LetseL
of the síngLe effector eeLL. Eur. J. Irnmunol. 11 : 531.
KAUI'I-ÍAN, D.B. and BOSTWICK, 8., (L979) Defectíue suppressor T-ceLL actíuity




KEIGHTLEY, R.G., COOPER, M.D., and LAI'ITON, 4.R., (1976)
The T ceLL depend.ence of B eeLL diffez,entíatíon indueed by
pokeueed nitogen. J. Immunol. II7 : 1538.
KTESSLTNG, R., PETRAIIYr, G., KARRE, K., JONDAL, M., TRACEY, D., and
wIczELL, H. (1976) KíLLer eeLLs : a funetionaL eornparLson
bek¡een nattæal, i¡wmtne T-ceLL anå antibody-dependent in uitro
systems. J. Exp. Med. 143 z 772.
KNOI,ILES, D.M., and HOLCK, S., (f978) Tíssue LoeaLizatíon of T-Lyntphocytes
by the histoehenicaL demonstratí.on of aeid *-naphthgL aeetate
esterase. Lab. Investlg. 39 z 70.
KOHLER, c., and MILSTEIN, C. (f975) Contí.nuous euLtures of fused eeLLs
secnetdng m,tíbody of pnedefíned speeifí.e|tA. Nature 256 ¿ 495.
KIIMAR, V., CARUSO, T., and BENNETT, M. (1976) Meehanísns of genetie
resistunee to Fr"Lend uirus Leukqtúa. III susceptibiLíty of
mítogen-z,esponsíue Lyntphoqtes mediated by T eeLLs.
J. Exp. Med. 143 z 728.
KIING, P.C., GOLDSTEIN, G., REINIIERZ, E.L. and SCHLOSSMAN, S.F., (1979)
MonocLonaL antibodies definíng distinetiue human T eeLL
su.?faee antigens. Science 206 z 347 .
LAY, I^I.H., MENDES, N.F., BIANCO, C., NUSSENZWEIGH, V., (1971)
Binding of sh.eep red bLood ceLLs to a Large popuLatíon
of hunan Lgnrphoeytes. NaÈure 23O : 531.
LEDBETTER, J.A. , EVANS, R.L. , LTPTNSKI, M. , CIINNTNGHAM-RIINDLES, C . ,
GOOD, R.4., and HERZENBERG, L.A. (1981)
EuoLutionarA conseruation of sunfaee moLecuLes that
&Lstinguish T Lyntphoeyte heLpen/inducen and eytotoæic/
suppv,essor subpopuLatiorls ùn motlse and man. J.Exp.Med. 153 : 310.
103.
LIMATIBUL, S., SIIORE' A.' DOSCH, H.M.' arid GELFA¡ID, E.W.l (1978)
TheophylLine nodula'tion of E-nosette f,otnatíon : An
ín&i-cato? of T-ceLL mahÆa,tion. Clln.Exp.Imunol. 33 : 503.
LOHRMANN, H.p., and NOVIKOUS, L., (1974) Rosette formationbeü¡een human
T Lgmphoeytes anÅ. unsensí.tísed rhesus monkey eryt\wocytes.
Clin. Inurunol. and lrnmrmopaÈh. 3 : 99.
LUM, L.G., MUCHMORE,4.V., KEREN, D., DECKER, J., KOSKI, I.' STROBER' I^1.'
and BIAESE' R.M. , (Lg7g) A reeepton fon IgA on hznan T
LYmPhoeYtes. J. Imunol. L22 : 65.
MARCUS, J.N., IIURTIJBISE' P.8., and QUIROGA' L.E., (1981)
The GaLL gtøuLe has acid esterase actiuity and matks
' T-h.eLpen Lynrphocgtes. Lab. Investig. 44 : 414'
MORETTA, L., FERRARINI, M., MINGARI, M.C., MORETTA, 4., and IüEBB, S.R.,
(1976)-subpopuLationsofhtnnanTeeLLsidentifiedby
reeeptor.s for írmtunoglobuLins and mitogen responsipetess.
J. Inrmunol. Il7 z 217 L .
MORETTA, L.,
MORETTA, A.,
WEBB, S.R., GROSSI, C.E., LYDYARD, P.M., and COOPER' Ìl'D"
(Ig7i) FunctíorøL arnlysis of ttto human T-ceLL s-tpPoPuLations:
neLp and svppnession of B-ceLL respoYxses by T eeLLs beaning
reeeptons for IgM or IgG. J. Exp. Med. 146 : 184.
MINGARI, M.C., COLOMBATTI' M., and MORETTA' L., (f981)
Fe neeeptors on htnnan I Lyntphoeytes : Loss of Fep and
eæpxession of Fe'¡ ?eeepto?s by T eeLls sti¡mtLated in
mired Lynrphocyte neaction. Scand. J.Imunol. 13 z 447.
MORIMOTO, C., REINHERZ, E.L., A3E, T , and scHLo-ssMAN, s.F.,
(1980) Cúayacte?Lstics eLL antibodies ín systemie




Clin. Inmunol. and Inrnunopath- f6 z 474.
MURGITA, R.4., GOIDL, E.4., KONTIAINEN, S., and WIGZELL, H.' (L977)
d-fetoprotein induces suppressot I eeLLs ín uitro'
Nature 267 z 257.
MURPHY, D.8., HERZENBERG, L.4., OKIMURA, K.O., IIERZENBERG, L.A. and
McDEVITT, H.O., (1976) .
A rrcu f s4bregion (I-J) ma?ked by a Loeus (Ia-4) controLLing
swfa,ce d.etermirtants on suppressot' T. Lynphoeytes'
J. Exp. Med. 144 z 699.
NG,4.K., I\IDIVERI, F., RUSSO, C., QUARANTA, V., PELLEGRINO, M.4., and
FERRONE, S., (1981) Chataeterisation of hwnan nuLL eeLLs
isoLated from periphez,aL Lyrnphoegtes by a si.nuLtarLeous
double-y,osetting proeedure. Scand. J.Imrunol. 14 z 225.
o TMALLEY, J.A. , NUSSBALIM-BLIJMENSON, A. , SHEEDY, D. , GROSSMAYER, B.J. ,
and oZER, H., (1982) Identifícation of the T eeLL subset
thøt produees human y intetfenon. J. Innunol. 128 : 2522.
osBAlID, l{.E., SHEN, Y.J., SIILESINGER, M., BROI.IN, A.' HAMILTQN' D.' COHEN' E.'
LAVIN' P., and McCAFFREY,. R. (1981)
SueceisfuL tu¡nap ùrrmtnotkerapy uìth Cinetidin'e in míee-
Lancet 1 : 636.
PA[L, W.E., (1983) Tlp I¡mtne Reypon1e. In: INTERNAL MEDICINE
Ed: J.It. Stein, Bostoú 1983.
PICHLER, !ù.J., LIM, L., and BRODER, S. (1978) Fc-recepto?s on hwnan
T Lgntphocytes. I. Trartsítion of T^¡ to Tl,t ceLLs '
J. Inrmr¡nol. LZI : 1540.
PLAUT, M., LICIITENSTEIN' L.M., and HENNEY, C.S., (1975)
propenties âf a subpopulation of T ceLLs bearing histanirte
reeeptons. J. Clfn. Investig. 55 : 856'
PYKE, K.W., RAI.ILINGS, G.4., and GELFAIID' E.W., (1975)
IsoLatíon ard, ehataeterLsation of the sheep erythroeyte
"eeepto? 
in man. J. Imunol. 115 z 2ll'
RETNIIERZ, E.L., PARKMAN, R., RAPPEPORT, J.' ROSEN, F.S., and
scHLossMAN, s.F:, (1979a) Aberrations of suppnessor T eeLLs
in hwnø¿ Gnaft-uersLts-host-disease. N.Eng.J.Med. 300 : 1061.
REINHERZ, E.L., STRELKAUSKAS, 4.J., OTBRIEN, C., and scHLossMAN' S.F.'
( LgTgb) phe7otypie and funetiona.L distinetions beü¡een the
THr+ and. JRA* T ceLL subsets in maYL. J. Irnmunol. L23 z 83.
REINHERZ, E.L., and scHLossMAN, s.F., (1980a) cupxent corrcepts in
InwwnaLogy. Regul,ation of the ínrmtne ?esporLse -. irtåueer
and s,,tppir:esso? î-Lamphoeyte subsets in Twnan beirqs'
N. Eng. J. Med. 303 : 370.
REINHERZ, E.L., KUNG, P.C., BRSARD, J.M., GOLDSTEIN, G., SCÌILOSSMAN, S.F.,' (rÓaou) r eeLL requinements fon generation of helper
factors in man : anaLysis of the subsets intsoLued'
J. I¡nmunol. I24 : 1883 '
REINHERZ, E.L., SCHLOSSMAN, S.F., (I980c) The differentiation and. funetion
of hwnan T Lytnphoeytes- Ce11.19 : 821'
RETNHERZ, E.L.,MORETTA, L., ROPER, M., BREARD, J.M., MTNGART, M.C.,
COOPER' M.D. , and SCHLOSSIIAN, S .F. , ( 1980d)
Hman T Lyntphoeyte subpopuLations defined by Fe reeeptors
and mortpeLorwL antibo&ies - J .Exp .Med. 151 z 969 '
104.
J.F. 'RXTNHERZ, E.L., MORTMOTO, C., FTTZGERALD, K-4., HUSSEY, R.E., DALEY'
and SCHLOSSI'IAN, S .F. ( 19q2)
Hete'ogenei,ty of human T4r infurcer T eelLs defíned by a
monoeLlornt aírtitoay that deLineates tt'to funetiornL sub-
popuLations. J. Immunol. 128 : 463. \
RICE, L., LAUGHTER, 4.H., and TI^¡OMEY, J.J., (f979) Tht'ee supp?essorl
systems in hwnan bLood that moduLate LyrnphoproLíferation.
J. Immunol. 122 : 99I.
105.
ROSENBERG, S.4., and LIPSI(Y, P.E., (1982). The noLe of morlþeates ¿n' 
hw¡tan B-ceLL actìt;atíon' Iluman B-Lymphoeyte Function :
Actlvation and lrmnunoregulatlon. Ed: A.s. Fauci and R.L.
Ballleux, Raven Press, New York, 1982'
RUBENSTEIN, A.' MEIIRA' V.' IüENZ,8., BEISST. B', and SICKLICK' M" (f981)
A TH ^- Lpiper- T-ceLL subset a,.d. the Tv ceLL popuLation:A eofoatísòn. cl1n. Immun. and InrmunopaÈh 20 z 57.
SAGAI.¡A,À., and ABDOU, N.I. (1979) Suppnessov-ceLL antibody in systemie--
Lupus erytttønatosus.' poàè¿øLe mechanism for sLtppressor'ceLL
dysfunciion. J. Clin. Invest. 63 : 536'
SAKAI.IE, T., REEVES, J.P. ' STEINBERG' 
A.D' ¡ and -GREEN' I', (1979)
Stu&iei of iírvmme funetions of patients uith systenrie Lupt*s
etrythematosltLs. J. Cl1n. Invest' 63 z 954'
SAI(AI,IE, T. STEINBERG, 4.D., and GREEN, I. (1980) Studies of ínrm'trrc
funetiols of patients uí,th sgstemL-e Lupt'ts ezathemøtostt's.
V. T eeLL âippou""on functíon and autoLogous-miæed Lynrphoegte
reaetíon dwiåJ actiue anå. inaetiue phases of disease.
Arth. and RheumatÍsm 23 : 225.
SCIIEID, M.P., C'OLDSTEIN, G., and BOYSE, E.4., -(1978)- 
The generatíon and reguLation of Lynrphoeyte popuLatioræ
J. Exp. Med. 147 z 1727.
SCOLLAY, R., IIOPKINS, J., and HALL, J. (1976) Possible role of stufaee
Ig in non-random yeeircuLation of smaLL Lynrphoct¿tes.
Nature 26O z 528.
SHORE, A.' DOSCH, H.M., and GELFAI'ID, E.t{. (f978)
nduâtíon'*rd. 
"upooation 
of antígen-depenåent T helper and
T suppressor eelLs in man. Nature 274 : 586'
s.rötnnc, o., (1980) presence of neeeptons for rgA on human T and non-T
Lynrphoeytes. Eur.J. I unol. l0 : 226'
SNELL, G.D., (1978) T celLs, T eeLL reeognítion struetures a'nd the
maior histocornpatibiLí.ty eontpLar. Immunol. Rev. 38 : 3.
STOCKINGER, B.' BOTZENHARDT, U., and LEMMEL, 8.M., (1979)
0n the feeùaek regulation of humoraL írnnune resporlse.
1' Euídenee fon 'B suppressor eelLst' rmmsnel' 36 z 87'
STOUT, R.D., I^IAKSAL, S.D., and HERZENBERG' L.4., (f976)
The Fc recepton on thymus derLued Lyrnphgegteg. , ItJ mired
Lgnphoey te ïeqetiuíty and eeLL-med\ated LyrnphoLy tie aetiuíty
o¡ ro- änÅ. r.* f Lyrfihoeytes. J. Exp. Med . I44 z 54 '
STRELKAUSI(AS' A.J.' SCHAUF, Y.' I^IILSON' B.S.' CHESS, L', and
scHLossMAN, s.F., (1978)
IsoLatí.on and chnraeterLzation of natwaLLy oecwring
sL¿belasses of hwnan per"ipheraL bLood T eeLLs uith
reguLatoz'r¿ funetions. J. Inmunol . I2O t 1278
106.
I,.TALDMANN, T.4., BRODER, S., BT.AXSE, R.M., DURM, M.4., BLACKMAN, M.,
and STRoBER, I^t., (L974)
RoLe of suppresson I eelLs in pathogenes'Ls of cormton uariabLe
hypogannagLobuli,naemia. Lancet (1i) : 609.
I^IAI{GEL,4.G., MILTON,4., and EGAìi¡, J.8., (1982).
Spontaneous pLa4ue fornring ceLLs ín the peripheraL bLood of
patients uith systewie Lugrc enythematosl,ts.
Clin. Exp. Iumunol. 49 : 41.
WATAIIABE, N., KOJIMA, S., SIIEN, F.W., and OVARY, Z. (1977).
Suppnession of IgE antibody pnoduetion in S.J.L. wùce
If Eæpnession of Ly-L antigen on heLper anã. non-speeifie
supp?essor T ceLls. J. Inmunol. 118 : 485.
IüEST, W.H., CAI{NON, G.8., KAY, H.D., BONNARD, G.D., and HEP.BERMAN, R.8.,
(1977) NahæaL cytotorùe neaetiuity of hunøt Lynrphoeytes
against a rn¿eLoid eeLL Line : ehavaeterùsation of effeetor
eeLLs. J. Iumunol. 118 : 355.
woLD, R.T., YOIING, F.E., TAN, 8.M., FARR, R.S., (1968)
DeotyribonucLeíc acid antibod4 : A method to deteet its
primarg í.nteractíon ü¿th deoæyríbonueLeie acid. Science 161 : 806
ZARLING, J.M., KUNG, P.C., (1980) Monoelona.L antibodíes uhieh distínguish
beh¡een human NK eeLLs and cytotosic T Lynrphoeytes.
Nature 288 z 394.
